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ABSTRACT

This report covers the approach, procedures and techniques employed
in evaluating and comparing the speed, contrast, quality and handling
characteristics of three different X-ray film types from each of three
different manufacturers. Included are details on the fabrication and
calibration of aluminum step-tablets used in the evaluations and compar-
isons. Calibration curves for four different kilovoltages, characteris-
tic film curves for each of the films evaluated, and tables of relative
film speed and contrast are presented. Subjective evaluation of each of
the films for quality and handling characteristics is also presented.
The effort of this project was limited to the range of 50 to 140 kilovolts
with aluminum as the absorber; however, techniques and methods used could
be extended to other energies and materials.
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GLOSSARY OF TERMS AND ABBREVIATIONS
AS USED IN THE TEXT OF THIS REPORT

DENSITY (D) - Refers to density as measured in H & 0 units.

LRE - Log Relative Exposure

M - Kodak Type M Film

R - Kodak Type R Film

T - Kodak Type T Film

45 - Dupont Type NDE 45 Film

55 - Dupont Type NDE 55 Film

65 - Dupont Type NDE 65 Film

100 - G.A.F. Type 100 Film

400 - G.A.F. Type 400 Film

800 - G.A.F. Type 800 Film

SPEED - All speeds are expressed in percent relative to

Kodak Type M which is arbitrarily assigned 100%
at all Kilovoltages.

CONTRAST - Slope of the characteristic curve for a specified
Density interval
i.e., Contrast Density Interval

LRE Difference

K.V. - Kilovoltage

MAM - Milliampere -minutes

T - Time
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I. INTRODUCTION AND SUMMARY

This report provides information which will assist radiographers
in the selection of film for specific applications. Most importantly,
it should serve as an aid in determining suitable exposure parameters
for films when substitution must be made due to shortages in supply or
local availability.

Historically, when faced with the necessity of substitution, a radio-
grapher would examine manufacturer's literature (if available) and then
perform trial exposures with a new film. Using the first radiograph as
a basis, the radiographer would then modify the exposure parameters and
try again. Often this procedure would have to be repeated several times,
depending on the experience of the radiographer and difficulty of subJect,
before an acceptable radiograph was produced. This iterative process in-
volves considerable expenditure of time and the now significant cost of
film. It is this basic problem that the X-ray film evaluation and com-
parison data presented in this report are designed to alleviate.

A detailed test plan prepared by the NDI Program Manager, San Antonio
Air Logistics Center, Kelly Air Force Base was submitted to Southwest
Research Institute with explicit instructions on the approach and pro-

* . cedures to be followed in performing each task. It was adhered to rigidly
with the exception of the film speed comparisons which were accomplished
by an alternate method (Appendix H). A copy of this test plan is in-
cluded in APPENDIX G.

In addition to the specified tests a literature survey was carried

out using the Nondestructive Testing Information Analyses Center facilities
at SwRI. Although a detailed key word and subject index was prepared for

the computerized search, it is significant that none of the literature ob-
tained during the search contained information pertinent to the objectives
of this project. This negative result indicates that, within the limits
of the survey, no published results of a parallel nature are available.

Requests for available literature were made to each of the three man-
ufactureres, Kodak, Dupont GAF, whose films were involved in this evalua-
tion and comparison. Only basic information on the particular manufacturers
film was provided by two of the manufacturers and no information by the
third. The GAF brochure contains bar graphs showing relative speeds of
their three films and curves of density vs. dose without notation as to
kilovoltage. The Dupont literature was considerably more detailed and
does contain a table of relative speeds for films of four manufacturers
and also contains tables of recommended exposure, in milliampere-minutes,
vs. material thickness, using a constant potential x-ray source. Neither
of these manufacturers presents characteristic curves of density vs. rela-
tive exposure. The third manufacturer, Kodak, did not send literature.
However, Kodak does publish a manual, available at nominal cost titled,
"Radiography in Modern Industry". This manual with available supplements,
presents detailed information including characteristic film curves for
film types available from Kodak. It does not present comparisons of films

i
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from other manufacturers.

While providing comparisons between films of a particular manufacturer,
none of the above presents a viable solution to the problem of ottaining
radiographically acceptable results when substituting between films of dif-
ferent manufacture.

The following sections present details of the film evaluation and com-
parison procedures and results, examples of how to use the data and con-
clusions and recommendations. Evaluation and comparison curves are pre-
sented in Appendices B through F. Hopefully, this information will enable
radiographers to substitute films from the three manufacturers, Kodak, Du-
pont and GAF, with a minimum of lost time and expense.

0:
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II. FILM EVALUATION/COMPARISON PROCEDURES AND RESULTS

A. Laboratory Procedures

The requirements of this project demanded rigid control of the exper-
imental set-ups to insure consistent exposure techniques, processing and
measurement of the test film parameters. A Magnaflux 150 KVP X-ray Unit
(with timer) was used for each test exposure. All exposures were carried
out in an exposure chamber measuring 20 ft. (6.1 m) long X 12 ft. (3.66 m)
wide by 20 ft. (6.1 m) high, enclosed by a 10 in. (254 mm) thick high den-
sity concrete wall. This chamber has a steel-grating floor with removable
panels located at the midpoint of the 20 ft. (6.1 m) height. In order to
minimize back-scattered radiation, the X-ray head was positioned over an
opening in this floor from which the steel grating had been removed. A
1/4 in. (6.25 mm) thick hardboard (Masonite) panel was placed over this
opening to support the exposure cassettes. A panel with 0.010 in. (0.25 mm)
lead foil was suspended 12 in. (305 mm) below this opening to further mini-
mize the effects of backscatter. Figure 1 is an illustration of the exper-
imental setup and shows the dimensional configuration maintained throughout
the experiments.

An initial calibration of this system was carried out to determine the
dose rate incident at the film plane through various thicknesses of alumi-
num. These thicknesses were 1/8 in. (3.18 mm), 1/4 in. (6.25 mm), 1/2 in.
(12.7 mm), 3/4 in. (19.05 mm), and 1 in. (25.40 mm) and dose rates were
measured for 50, 8O, 110, and 140 kilovolts. A standard Victoreen "R" meter
was utilized for system calibration. No collimator tube was used since it
was desired to obtain true dose rates at the film plane. True dose rates
include the air scattering which occurs between the tube head and specimen
surface. Results of these calibrations are shown in Figure 2 of this re-
port.

Calibration was accomplished with a pair of step tablets fabricated
from 2024 aluminum alloy. These tablets consist of steps 1/2 in. (12.70 mm)
wide in thickness increments of 1/16 in. (1.59 mm) through I in. (25.40 mm)
thickness. The 1 in. (25.40 mm) dimension being at the center and tapering
to 1/16 in. (1.59 mm) at either end. After fabrication, these step tab-
lets were serialized and dimensionally documented. Figure 3 is a drawing
of these step tablets.

To maintain consistent exposure geometry, index marks were placed on
the hardboard exposure platform to facilitate precise location of film and
step tablets during the experiments. During these experiments Step Tablet
No. I was always located to the left, facing the tube head active end, and
No. 2 Step Tablet to the right; their respective serial numbers faced to
the left side of the tablets.

Film was ordered from distributors of Kodak, Dupont and GAF in all
available packagings. Purchasing specifications were that all films were to
be fresh, 14 in. (355.6 mm) X 17 in. (431.8 mm) size, and that no special or-
dering be done for film packaging not normally stocked which could not be ob-
tained within a reasonable lead time consistent with program schedule. Types
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of film ordered were Kodak, Types M, R, and T: Dupont Types 45, 55, and
' 65 and GAF Types 100, 200 and 400 in all available packagings. It was de-

termined that GAF Type 200 was no longer available and Type 800 was sub-
stituted to provide a wider range from this particular manufacturer.

All film processing, with the exception of the hand versus automatic
processing comparison exposures, was carried out by hand processing. Kodak
chemicals were used throughout, with the manufacturer's recommended replen-
ishment schedule rigidly maintained. All processing was performed using
a 6-minute development cycle. The developer was initially seasoned by pro-
cessing unexposed films, after which the films for fog density determina-
tion were processed. Daily cleanup films were run before processing record
films.

All density measurements on the films of this project were made using
Macbeth densitometer, Model TD502, Serial No. 1118B. Calibration of the
densitometer was accomplished using a calibrated density strip with trace-
ability to NBS standards.

B. Fog Density Determinations

The first films processed after initial seasoning of the developer were
those used in the fog density determinations. One each of all types of
film were processed using a 6-minute processing cycle. A template was
used for positioning the film in the densitometer to obtain twelve uniformly
spaced density readings from each of the films. These were then averaged to
obtain the following base plus fog densities.

Film M R T 55 500 45 100 65 800
Density 0.100 0.112 0.110 0.140 0.134 0.100 0.120 0.210 0.166

C. Step Tablet Calibration

The procedures detailed in the Test Plan, Appendix G, were followed ex-
actly in performing the step tablet calibrations for this project. The cali-
bration curves and the data used for derivation are contained in Appendix A
of this report. An all aluminum absorber was used in order to realistically
simulate actual field conditions for radiographic exposure.

Unfortunately, when the test for accuracy was applied to these calibra-
tion curves, as defined in the Test Plan, a considerable deviation from lin-
earity was observed at all kilovoltages for which the step tablets were
calibrated. Examination of the curves in Figures 4 and 5 illustrates that
the use of an average LRE per step will result in distorted and inaccurate
results when applied to film speed comparison data.

The reasons for this are complex, and a complete theoretical analysis is
beyond the scope of this report. Basically, however, due to the nature of the
radiation absorption process, the quality (spectral content) of radiation in-
cident on the film is different under each step of the step tablet and the
quantum efficiency of the film, as a detector, decreases with decreasing energy.
Other investigators (1,2) have overcome this problem by placing an additional
absorber of 0.020 in. thick copper between the step tablet and the film. This

4
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layer of copper essentially absorbs all of the soft fluorescent radiation
and reduced energy scattered radiation, generated within the step tablet.
Thus only the higher energies contained in the primary beam contribute to
the exposure. Using this copper absorber, an approximation to linear geo-
metrical response for the step tablet was achieved down to 100 kilovolt
X-ray energy levels. Due to the lower energies specified for this project
(i.e., 50 and 80 kilovolts), it is uncertain that this same approximation
to linearity could be achieved using a copper absorber since much greater
absorption occurs at these lower energies.

During discussions with the sponsors technical representatives con-
cerning this problem, it was determined that the exposures made with only
the aluminum step tablet were preferable in that they more closely matched
actual exposure conditions in the field. Subsequently, an alternate method
for film speed comparisons was developed at SwRI which would allow the al-
ready completed step tablet calibration curves and speed comparison exposures
to be used in reduction of data for this project. Essentially, the alter-
nate method consists of comparing density differences, between two films
exposed simultaneously, on a step by step basis to the calibration curve
instead of applying the average LRE for a particular calibration curve.
Since this method compares the density difference between the two films
under each discrete step, the exposure time and radiation quality incident
on the two films is identical and the density difference observed can only
be a result of their difference in speed (sensitivity). Using the measured
densitites of the two films, the step tablet calibration curves may be en-
tered directly to obtain LRE values for each of the films. The difference
between the two LRE values can be converted directly to speed difference,
or may be added to or subtracted from the LRE value for the film used as
a standard to obtain a data point for plotting a speed comparison curve

relative to the curve for the standard film.

A more complete description of this alternate method and instructions
for implementation are contained in Appendix H of this report.

D. Film Speed Comparisons

As mentioned in Section II.C above, an alternate method for speed com-
I9 parison data reduction was developed at SwRI. Subsequent to verbal approval

of this method, in lieu of the Test Plan method, by the Sponsor's technical
representative, all previously obtained density data from the speed compari-
son exposures were reduced utilizing the alternate method.

The side-by-side exposure technique prescribed by the Test Plan, (Appen-
dix G), was followed explicitly with the exception that both step tablets
were used instead of one. These step tablets had previously demonstrated
radiographic equivalence during the development of the step tablet calibra-
tion curves. The use of two step tablets doubles the number of data points
within each step and increases the confidence level.

The results of these speed comparisons are contained in four Appendices
to this report. Each Appendix contains data and curves pertaining to a par-
ticular kilovoltage, i.e.

I
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Appendix B. 50 Kilovolt Film Speed Comparisons

Appendix C. 80 Kilovolt Film Speed Comparisons
Appendix C. 80 Kilovolt Film Speed Comparisons
Appendix D. 110 Kilovolt Film Speed Comparisons' :Appendix E. 140 Kilovolt Film Speed Comparisons

All graphs presented, in these film speed comparison appendices, use
density data which includes the effects of fog. These curves, therefore,
show apparent relative speed comparisons as opposed to true speed comparisons.

Arrangement of each film speed comparison appendix is as follows:

Figure 1 - A composite graph showing relative speeds of all films
compared to Kodak Type M.

Table 1 - a. Tabular listing of LRE values at selected densities
from which the composite curves were constructed.

b. Table of speeds for all films expressed in percent
relative to Kodak Type M.

c. Table if contrast values for all films at selected
density intervals.

Figures 2 through 9 - Curve pairs for each of the film speed comparison
and exposures. Each curve pair graph is immediately

Tables 2 through 9 followed by a tabular data page listing data
from which the curves were contructed.

Each Figure Number and Table Number also contains a prefix, i.e.,
Bl, Cl, etc., which indicates the appendix in which it is placed.

For construction of the composite speed comparison curves, LRE values
for densities of 0.5, 1.0, 1.2, 1.5, 2.0, 2.2, 2.5, 3.0, 3.2, and 3.5 were
determined from the film speed comparison curve graphs. In the cases of
M vs R, T, 55 and 400, LRE values were plotted vs the elected densities
directly, with the four LRE values for M averaged. Since film types R and T
were used as transfer standards in the comparison exposures R vs 45 and 100,
and T vs 65 and 800, the LRE differences were obtained at each of the above
density levels. These LRE differences were then subtracted from the previously
determined LRE values for R and T to obtain LRE values for 45, 100, 65 and
800 with respect to the LRE values for M. This results in a set of speed
comparison curves where any film in the group may be compared to any other

4 film in the same group to obtain relative speed differences.

Due to the fact that Kodak type M Leadpack film was not readily avail-
able and the projected delivery time was beyond the time limits imposed by
the project scheule, the order for this film was cancelled. Consequently,
speed comparison standard data could only be accomplished using type M vs
type M Readypack. Upon reductiun of data from these two films the data
points we're too c1'ose for a meaningtul graph to be prepared. Operating on

4
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the data points of these two films mathematically shows that speed of Type M
Readypack relative to Type M film ranges from 105.9% at 50 KV to 104.7% at
140 KV.

E. Film Contrast Determination

Calculation of a film contrast number is accomplished by dividing a
density interval, AD, by the log relative exposure difference, ALRE, ob-
served in the same density interval. In other words, it is the slope of
the characteristic film curve for a defined density region of this curve.

As directed by the Test Plan, calculations for contrast were carried
out for the density intervals 1.0-3.0, 1.0-1.2, 2.0-2.2, and 3.0-3.2. Due
to the fact that large errors could be introduced by incorrectly locating
points along the LRE axis on the steeper portions of the curves, additional
calculations were performed for the density intervals 1.5-2.5, 2.0-3.0, and
2.5-3.5. Tabular results of these calculations are located in Table 1 of
each of the appendices pertaining to a particular kilovoltage.

Contrast bar graphs were prepared for the density intervals 1.0-3.0 and
2.0-3.0. These bar graphs are located in Appendix F of this report.

F. Emulsion Consistency Tests

For the emulsion consistency tests, one each of the nine types of
film being studied was exposed, without an absorber, to a density of approx-
imately 1.0 H & D unit. Energy used was 110 KV. Subsequent to processing
these films were evaluated for uniformity of density, mottling, streaking
and any other observed film artifacts. Individuals performing this evalua-
tion were highly qualified in radiographic interpretation, with a combined
experience level in excess of 75 years. Apparently, the evaluators do not
believe a perfect X-ray film exists as the highest rating achieved was 8.0
All films examined rated good to excellent. The only films receiving less
than 8.0 ratings were Dupont Type 65 (7.58) and GAF Type 800 (7.05). Trans-
cripts of the rating sheets are included with this report in Tables 1, 2,
and 3.

G. Film Handling Characteristics

1. Kink Sensitivity

For the kink sensitivity tests a fixture consisting of a 1/4" dia-
meter rod mounted in blocks fastened to a plywood base was fabricated, (Fig-
ure 6). Films were subjected to kinking four times. Twice along the long
axis before exposure and twice along the short axis after exposure. Figure
7 is a plan view of the kink orientation and Figure 8 is the schedule of kink
exposures.

Reviewers ratings for this test varied the most for any of the
subjective tests. In general, however, the trend in acn-"itivity a t
be that the slower films are least affected. GAF 800 and Dupont NDT 65
gave the worst sensitivity ratings. The general consensus is that none of
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the effects on the films reviewed would seriously affect radiographic in-
terpretation due to the relatively broad and gentle density transitions
observed in the affected areas of the films. Transcriots of the rating
sheets are included in Tables 4, 5, and 6 of this report without tabulation
due to tne relatively wide variance between reports by the evaluators.

2. Pressure Sensitivity

Figure 9 is a sketch of the fixture used to perform the pressure
sensitivity tests. Prior to fabrication a series of experiments was per-
formed to determine forces experienced during actual writing with a BIC
medium ball point pen. Each film was subjected to three different writing
forces both before and after exposure. Figure 10 is the schedule of pressure
sensitivity exposures and Figure 11 is a plan view showing the orientation
of the pressure marks.

Reviewers ratings for this test were very consistent. Type M Ready-
pack being the least sensitive. It was generally agreed that in all cases,
with the possible exception of Type M Readypack, interference with radio-
graphic interpretation could or would occur in the location of such pressure
marks. Both pre- and post-exposure treatment indicated similar magnitudes
of the effect. However, the pre-exposure treatment resulted in visible
lines of lesser density than background and post-exposure treatment results
in lines of greater density than backqround. Transcripts of the rating
sheets are included with this report in Tables 7, 8, and 9.

- -
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III. USE OF THE FILM EVALUATION/COMPARISON DATA

The following examples ,,tilize the graphs and tables found in Ap-
pendices B through F of this report. These examples cover both exposure
calculation and contrast comparison.

Example 1.

A radiographer has established an exposure schedule using Type M
film of 50 KV and 4.2 MAM through an aluminum section 3/8 in. thick. This
exposure produced a density average of 2.0 H&D units in the area of inter-
est. Supplies of Type M film have been depleted and the only available
film, having similar exposure and contrast characteristics, is DuPont Type
NDE55. What exposure should be used to obtain an average density of 2.0
as experienced with Type M film?

Solution:

Referring to Appendix B, we find in Table B-I a direct speed comparison
for Type M vs Type 55 at a density of 2.0. This Table indicates that the
speed of Type 55 is 141.3% of M. Since Type 55 is faster than Type M, the
correct exposure is found by multiplying the previous exposure in MAM by
100 and dividing by the percentage speed difference of 141.3; i.e.

4.2 MAM X 100 = 2.97 MAM

141.3%

- The correct exposure, using Type 55 film is then 50 KV and 2.97 MAM to
"- achieve the desired density of 2.0. Since most X-ray unit self-timers do not

have two place time resolution, this should be rounded to 50 KV and 3.0 MAM.

Example 2.

A radio7raph has been taken of an aluminum section 1/2 in. thick using
an exposure of 110 KV and 1.1 MAM with Type T film for an average density of

* ,2.0 in the area of interest. During interpretation a suspected crack is
located; however, it is poorly defined because of the low contrast between

,* the crack image and background density. It is desired that a confirming
radiograph be made with higher contrast to positively identify the suspected
crack. Film availability is not a problem. Which film should be used, and
what is the correct exposure for this film?

Solution:

Referring to Appendix D, 110 KV film speed comparisons, Table D-I, con-
trast numbers section, it is found that the contrast number for Type T, for
a density of 2.0-3.0, is 4.65. For Type M the contrast number is 7.69 and
for Type R the number is 11.76. In the interest of obtaining maximum pos-
sible contrast it is decided to utilize Type R film and to use a density of
2.5 to further enhance the contrast. From Appendix D, Figure D-I, determine
the LRE for T at a density of 2.0 and then the LRE for R at a density of 2.5,

S
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subtracting to obtain the difference in LRE. The antilog of this difference

is a multiplier to be applied to the exposure value used for the previous

radiograph.

Log (LRE LRE =Log (1.62 - 0.925)
(R) (T)

= Log 0.695

Log -1 0.695 = 4.95

and 4.95 X 1.1 MAM = 5.45 5.4 MAM

The exposure with Type R film should be 110 KV and 5.4 MAM.

Example 3.

Radiography is requested on a wing section of an aircraft which ex-
perienced apparent excessive flight loading. The section to be radiographed
is lapped and riveted. The total section thickness in the area of interest

is approximately 0.15 in. (3.8 mm). Due to the location of the aircraft,

the amount of radiation must be limited to avoid interference with other
work in the area. Previous experience has shown that 50 Kilovolt X-ray en-
ergy will provide adequate penetration in the area of interest and will re-
duce the size of the necessary radiation posting zone.

1. What film should be chosen?
2. After a trial exposure of 2.5 MAM at 50 KV provides an

average density of 3.4 in the area of interest what will be
the required exposure to produce a desired average density

of 2.0?

Solution:

1. Refer to Appendix B, Table Bl and find that GAF Type 400 film
has the highest average contrast available (D = 1.0-3.0) and also
the highest contrast number at the desired density of 2.0 (5.0
for D = 2.0-2.2).

GAF Type 400 is chosen.

Note: An alternate solution would be to enter Appendix F., Figures
Fl, F2, and find that Type 400 affords the highest contrast
available at 50 Kilovolts.

2. Refer to Appendix B, Figure B1 and find tht for Type 400 film, a
density of 3.4 gives a LRE of 1.45 and for a density of 2.0 the
LRE is 1.20. Subtracting the observed LRE from the desired LRE,
we obtain;

ALRE = 1.2 - 1.45 = -0.25

The antilog of this ALRE is the multiplier to be applied to the
original exposure.

aJ
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Log 1I -0.25 0.562

and 2.5 HAM X 0.562 1.405 1.4 MAM

The correct exposure is 1.4 HAM at 50 Kilovolts using Type 400
film.

IA
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IV. DISCUSSION

The specified Test Plan CAppendix G) completely details all procedures
and proved an excellent guide for accomplishing the major portions of this
project. Unfortunately, due to the lack of linearity observed during the
step tablet calibrations, the concept of an average LRE value per step of
the step tablet could not be used tor data reduction. A study of the prob-
lems involved resulted in the development of an alternate method for data
reduction. By eliminating the step which introduced the error, this method
allowed the calibration curves to be used directly-and without error.

The sensitometric techniques utilized in this proejct are not absolute.
However, from a user's standpoint they are realistic and directly relate to
practical radiography. The composite speed curves, speed tables and con-
trast tables developed by this project are useful to the radiographer in
that they represent speed and contrast values obtained by measurements on
radiographs of an engineering material of interest. The use of X-ray density
data, uncorrected for fog, in the construction of the speed comparison tables
permits direct use of the data and speed comparisons, by the radiographer,
without serious error. It is assumed that the fog levels determined in Sec-
tion II.B. of this report are typical for fresh films of the types investi-
gated.

Every attempt has been made throughout this project to insure consis-
tency in each step of the procedures involved. In an assessment of the errors
which could occur, each step of the procedures is listed below along with es-
timated error limits.

1. Exposure and Processing - Unknown
2. Densitometry ± 0.0025 Density Unit
3. Plotting, Density Vs. Step t 0.125 Div
4. Extract Data for ±0.25 Div

Calibration Curve (2 Curves)
5. Plotting Calibration Curve ±0.125 Div
6. Extract Data for Speed ±0.25 Div

Curves (2 Curves)
7. Plot Speed Curves ±0.125 Div

*8. Extract Speed Comparison ±0.25 Div
Data (2 Curves)

TOTAL ±1.125 Divisions +s .0025 Density Unit

Converting to LRE units±(0.02 X 1.125) t 0.0025=t5.9% Possible Error

In the above evaluation, final plotting of the composite speed curves is
not included and the possible error figure of ± 5.9% applies to the speed com-
parison tables. In assigning the values shown above, a plotting accuracy,
considering the scale of the graphs used, of ± 0.125 graph division, per
data point was assumed. Each Division represents 0.02 LRE or 0.02 Density
unit. If an additional ± 0.125 Division error is assumed when plotting the
composite curves, an estimated total error of approximately ±6. 5%is possible.

[

[



18

The emulsion consistency evaluations show that all films rated good
to excellent and would provide acceptable results when used within their
speed and contrast capabilities. Although this test was subjective in
nature, it is interesting to note that no one film is clearly superior to
any other.

Results of the handling characteristics test for kink sensitivity in-
dicate that although artifacts produced by bending or kinking are objection-
able they would probably not interfere with radiographic interpretation.

Results of the pressure sensitivity tests definitely show that writing
on a film cassette or envelope with a ball point pen, or other pointed
writing instrument, should be avoided in that this procedure will produce
artifacts which can seriously affect radiographic interpretation of the
films.

I
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V. CONCLUSIONS AND RECOMMENDATIONS

Conclusions:

1. Since normal m:anufacturing tolerance for film speed is in the
± 10% range, the maximum possible error for the data, as de-
rived and discussed in Section IV of this report, is not con-
sidered excessive. Exposure parameters derived through use of
the data contained in this report will be correct within the
limits of this tolerance.

2. Using the speed comparison data of this report, a radiographer

now can rapidly determine exposure parameters for films of
different type or manufacture.

3. Selection of film having desired contrast characteristics can
be rapidly accomplished using the contrast number tables and
contrast bar graphs presented in this report.

Recommendations:

1. No direct writing, using a ball point pen or pencil, should be
permitted on cassettes or envelopes containing film. If identi-
fication is desired, self adhering labels should be used, with

the necessary information inscribed before attaching to the
film holder.

2. Kinking or rolling of the film should only be permitted where

necessary for placement of the film. A note, describing the
degree and direction of bending in the exposure record, could
prove useful during interpretation of the radiograph.

3. Field testing, by use of the data contained in this report,
has not been accomplished. It is recommended that a feed back
mechanism be established, along with distribution of this report,
whereby any errata which may be discovered is brought to the
attention of responsible individuals in order that corrections
may be issued.

0

,S

0
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TABLE 1. EMULSION CONSISTENCY EVALUATION

FILM FILM DENSITY MOTTLING STREAKING OTHER AVG.

"-"NO._ TYPE UNIFORMITY

R R 8 j 8 1 8 8 8.0

I]7 T 8 8 8 8 scratches 8.0

118 t 45 , R 8 8 8 scratches I 8.0

119 55f j~ 7 8 8_________.______ 5__

120 A 8 8 a.0 8 i 8.0

17. 6 1 8 8 6.75

125I 8 8 S Q- - - t o 8 ___________8.0..

126 1 inn 8 8 t 8 , 8.0

400 g g 8 8 8.0

I I I

2 Perfect 11 ____I_ ___

8 Excellen

7 Good ___

5 lFair [_
4 Fair3 __________ I 1

! Poor

E R

.1 _ _ _ __ I _ ___ __

EVAUAOR R._ _ _ _ _"__W. I _ _ _ _ _ _

_ _ _ _ _ _ I'_ _ _ _ _ _



TABLE 2. EMULSION CONSISTENCY EVALUATION 22

FILM FILM !DENSITY MOTTLING STREAKING OTHER AVG.

NO. TYPE UNIFORMITY _____

116 R 8 8 8 8 I 8.0

1 T 8 8 scratches 8.0

118 45 8 8 8 scratches 8.0

119 557 7 J8 8~ach 7.5______

120 65 8 8 8 _ _ __hP_8.0

7 I .ou 800 8 J 8 7 -
'I 8 8 1 __ _____.____.

125 .. 8~j 8 8 _" 8.0

__2 f _ _00_ _ _ _I_ _ _ __i
12 I n 8 8.0

400 8 J 8______ __ 8.0

- _ _ __ _ _ __ _ _ __ _ _ I_ _ _ __I _ _ _ _ _ _ _ _ _I
9 lPerfect L

8 lExcellent I
7 G6ood 1_ _.

6I

5 -Fair ____

4 :Fair

1 lPoorI

"'__ __ _ __ _ ._ 1 _ _ _ _ _ _ _ _ ____ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

EVA OR: iC. ,

I _ _ i_ _ _ _ _ _
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TABLE 3. EMULSION CONSISTENCY EVALUATION
23

FILM FILM !DENSITY MOTTLING STREAKING

NO. TYPE UNIFOR MITY

R 8 8 8 .8 T8.0

17 T ! 8 8 8 scratches 8.0

118 45 nJa t 8 8 8 scratches 8.0
Ii I

119 55J 7 f 7 8 .8 gr~r~he 7.5

120 6 8 8 8 8 h 8.0

800 7 1 8 , 8 t7.

125 _ 8___I__ 8.0

126 1 M) 8 8.0

-127 400 , 8 8 8.0

-t I

_ _ t _ _ _ _ _ _ _ _ _

,Excellen__

Go I I

5 Fair I_
4 Fair _ _ _ _

2 l Poor I _

1 Poor

E A 1 ,T _ _ _ _ _ _

I _ _ _ _ _ _ _ _ _ _ _ F _ _ _ _

_ __ _ I _ _ _ _ _ _ _ _ _ _ _ _ _ _w t I. '

do
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TABLE 4. KINK SENSITIVITY EVALUATION

FILM FILM LONG SHORT
NO TYPE AXIS AXIS

135 m Sligh t l 7 Slight  7 _
136 R SC licuht 6 Slight , 6 4;

137 T Slight 7 Slight 6 " 6.5

138 [ 45 _ Mod. 4 Mod. 5 4.5

1; [i At L_

140 65 Mod. I 5 Slight I 7 _ 6

141 100 Slight 7 Slight _ 7 7 7
142 400 qSIigrht- 7 qli I J cy+ 7

143 80o High 3 Mod. 4 3.5 _ ,

144 ~ M- lch 7 cIh 7 7

145 45-R None j 8 ISlightI 7 , ! 7.5

146 55-R '---Slight 1 7 None I 8 jI7.5
147 65-R Mod. 5 Slight 7 16

B None 9 -- -perfectl l
Very

1i ghi- 8 Trhinle vJ11up oee thina

_ _ _Slight 7 Probable see som thingI _ _ _ _Sliht 6 _ _finitlv see sethin___ _

~Mod. 4 Grade b , degree.)A

"_High __3 I Strongly defined.!

High 2 (Grade b)4

_____High 1 degree) " _

EVALUATOR: R.D. ..1 _ _ _ _ _ _ '__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE 5. KINK SENSITIVITY EVALUATION

FILM IFILM LO0NG ]SHORT -

NO TYPE AXIS I AXIS AVG.

135 i M None 9 lNone (except ion edges 9 9.0

136 R Slight 7 [Slight ._ 7 7.0

117 T None 9 None (exception edge)I 9 9.0

138 45 None 9 None (exception edge) 9 9.0

139 55 None 9 None L-ce t n edge) 9 9.0

140 65 None 9 !None I (exception edge) 9 1 9.0I I

141 100 None 9 !None (except !on edge) 9 9.0

142. 400 None 9 None (exceptlon edge) 9 9.0

143 _ _800 Slight 7 None (except on edge) 9 8.0
144 M-R None 1 9 INone (exceptlon edge)i 9 9.0
145 45-R None* 9 INone (excepton edge) 9 9.0

146 55-R None* 9 INone (except on edge) 9 9.0

147 65-R Slight 7 lNone (exception edge) 9 8.0

*High .inger-naI ookin kink

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I I

* L

None 9 1Perfect _I

Very I
Al Think see somithing

____Slight 7 Probab ly isee something

T Slicht 6 f Definitely see soiethinq
Mod. 5 ' (Better d~fined thin 6. _

Mj . ei 4 Garade by' dearee) ___

SI.Hi.h 3 I stronclv! defined, _

Wii
Hih I degree. ) _____

EVALUATOR: **__ __ ___

__________ __________ __________I __________ _________________________________

4
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TABLE 6. KINK SENSITIVITY EVALUATION

FILM FILM LONG SHORT ___
I I XI

NO TYPE ' XIS AXIS AVG.

135 1 M I very Slight 8 ery slighit 8 8.0

136 R sliht 6 Islight 6 _6.0

137 T very sl ght 8 light 7 7.5

138 45 moderat 1  5 koderate 5 5.0

139 55 severe 3 slight 6 4.5

140 i 65 severe 3 Inone 9 1 _ _ 6.0

141 j 100 slight 6 !slight 6 i 6.

142 400 slight 6 Islight 6 i 6.0

143-o800 high 3 high 3 _3.0

144 M-R slight 7 Islight 7 7 7.0

145 45-R none 9 ,slight 7 8.0

14 55-R slight 7 !none 9 8.0

147 f 6S-R I high 3 sight i 6 1 4.5

lProcessi q mottli~ on allI____ I

1__"_None 9 Perfect _ __

Very 8 Think yoti see something ,

_q i 7 probably . somethina

__Slicht 6 Definitely see something

Mod. 51('Better d~fined thin 6.

Mod. 4fJGrade by degree)

- High 3 strongly defined

High 21(Grade by

_____High jdegree4 __

ELT



TABLE 7. PRESSURE SENSITIVITY EVALUATION 
27

. .[FILM FILM LONG SHORT

NO. TYPE I AXIS AXIS AVG.

152 M High 3 High 3 3

153 R i ah 2 _____25

jT High 2 High 3 2.5

155 45 1 Mod, 4 Hiah 3 3.5

156 55 High 3 High 1 3 3

157 I 65 High 2 High 3 2.5

1_8 10Q High 3 High 3 3

159 400 High 2 High 3 2.5

160 800 T i h 1 2 HiIh - 2

I 6 Slight 6 6.
IA9 4 ;-R mod. ! 5 Sliaht 6 5.5

163 55-R High 3 Slight 6 4.5

164 65-R jHjgh , 2 Nno* 9 ? 2 S PA' Note

_ _ _ _ _ _ _ _ I _ _ _

RATiNG LEVELS____ ___ I____________
•None 9 Perfect

SiThint W u see soething

c h 7 Probabl see som hing

_ _Slight 6 Definit ly see s_ething _ _i
Mod. 5 (Better 4efined t1an 6. _ ,

,. MAd . 4.I .. b deare) I I
High 3 Stronl defined4

High 2 St(Grade b__ _

NOTE: Techn cian pro ably forqot to ma along Short Axi-_.

EV UATOR: R.D.W. _

I _

"6
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TABLE 8. PRESSURE SENSITIVITY EVALUATION

F FILM LONGI SHORT

NO. TYPE AXIS AXIS AVG.

m gigh 3 High i 30

153 R High 3 _ High_ _ 3 3.0

154 1 T High 3 I High 3 3.0

155 45 Moderate 4 High 3 i 3.5

156 55 High 3 jHigh { 3 3.0

157 65 jHigh I 2 High i 3 " 2.5

158 100 1 High 2 High -2 2.0

159. 400 High i_2_ _ High • __3 2.5

16 800 g 3 2.5

161 M-R J Slight I 6 Slight 6 _ __ 6.0

162 1 45-R Moderate? 5 Slight 6 5.5

163 55-R High 3 Slight 6 4.5

164 65-R High 2 __None _ 9

161 would interfere with inter4retation i
None 9 Perfect

RAIGLVL ___ ___ ____i I

None 8 Think Iu see sorething

R_____ 7_______ sorlthing ___

Slight 6 Definitily see scmethinq I
Mod. 5 (Better lefined than 6. I

Mod. 4 Grade b4 degree)_
High 3 Strongl defined!_

High 2 7 (Grade bf

HighA ___

C.CA. T___ _ .

_ _ _ _ I __ _ _

____________________________________________ _____________
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TABLE 9. PRESSURE SENSITIVITY EVALUATION

* FILM ! FILM LONG i I SHORT
* NO. TYPE AXIS 'AXIS AVG.

152 M JHigh 3 ih 3 3.5

153 R !Very Hig_ 2 High 3 2.5

154 T i ery Highl 2 High 3 2.5
l 1 i elig 33

155 45 IModerat 4 High 3 3.5

156 55 JHigh 3 High 3 3

157 65 Lery High 2 High 3 2.5

158 [ 100 JHigh 2 tHicgh 3 12.5
"159 i 400 1erv Hirh 1 High 3 2.0

* 160 800 ery High 1 High 2 1.5

161 M-R Slight I 6 Slight 6 6.0

162 45-R lModerate 5 Slight 6 5.5

163 L 55-R High 3 Slight I 6 4.5

164 1 65-R krery Highl 2 1None .

RATING LEVELS

None 8 Think you see sotething

Slightl 6 TDefinitely see s4mething .
M=d. 5 i(Better efined tan 6. _

.,Mod. 4 Jl Grade b4 degree)| i
High 3 1Strongl4 definedl

High 2 (Grade bl _

Hiah 1 Degree _ _ . I

NOTE: Sechnicia probabl forgot 4o mark aiong Short Axis.

EVAULATOR: S.A.W.

__ I__ _ __ __ ____ ___
S!

_ _ _ _ _ _ _ _ _ _ _ _ _ Ii
_ _ _ _ _ _ _ _ _ _ _ _'_ _ _ _
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F ILM

-I. D.-

AFTER

I- EXPOSURE
U,.

BEFORE EXPOSURE

FIGURE 7. KINK TEST

- - - - - -
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1/4' DIAMETER ROD

PAPER*

FILM

6*Paper used on unpacked films for protection. Paper

not used on redipack films.

Schedule of exposures for kink test.

FILM # FILM TYPE AND PACKAGING

135 M Film holder

136 R Film holder

137 T Film holder

138 45 Film holder

139 55 Film holder

140 65 Film holder

141 100 Film holder

4 142 400 Film holder

143 800 Film holder

144 M Ready Pack

145 45 Rav Pack

* 146 55 Ray Pack

147 65 Ray Pack

FIGURE 8. KINK TEST SCHEDULE6'l
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, PIVOT PT. MOVABLE WEIGHT
BALANCE
ARM BIC MEDIUM

~POINT PEN

PLATFORM

Balance Arm used by itself for 160 grams.

Movable weight is set at two other positions on balance
arm for 333 and 500 grams.

160 grams R 5.6 ounces

333 grams 1 11.7 ounces

500 grams 17.6 ounces

Paper cover used on unpacked films for protection.

Paper not used on Ready & Day Pack films.

FILM FILM TYPE AND PACKAGING

152 M Film holder

153 R Film holder

154 T Film holder

155 45 Film holder

156 55 Film holder

157 65 Film holder

158 100 Film holder

159 400 Film holder

160 800 Film holder

161 M Ready Pack

162 45 Day Pack

* 163 55 Day Pack

164 65 Day Pack

*FIGURE 10. PRZESSURE TEST SCHEDULE
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160 gramns 333 grams 500 grams

-1. D.-

FIL-M

160
grams

330 AFTER
grams EPS~

500
grams

Before Exposure

I FIGURE 11. PRESSURE TEST PLAN



APPENDIX A

STEP TABLET CALIBRATION CURVES

TABLE OF CONTENTS

FIGURE Al 50 KILOVOLT STEP TABLET CALIBRATION CURVE
A2 50 KILOVOLT STEP TABLET CALIBRATION CURVES
A3 80 .. CURVE

*- A4 I CURVES
" A5 110 .. CURVE
" A6 " " " to CURVES
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4.0

3.0

C~2.0

1.0

FIGUR Al
50 !C=LVOLT=

iT~p TA8LZT CAIZBnATION CZJRVE ___

KOM"K TYPE m ?Z.'4

0.0
0.0 0.3 0.5 0.9 1.2 1.5 1.8 2.1 214 2.7

* Log Relative Exposure
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4.0

3.0

1.0
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50 KO LOVOLT __

TP TBUZT CALIBRATION CURVES

4 OENITY VS STEP 4UNSER
ICODAKTPE4 Z1

FOR EXOSURES T AND 2T
EXPOSURE 4NtMBERS 009 S 010O

0.0

1 2 3 4 5 6 7 a 9 10 11 2 t3 14 15 16

Step Number



TABLE Al A- 3
CALIBRATION DATA

FILM NO. 009 KV 50 EXPOSURE T

STEP AVERAGE__ AVERAGE A E A E ~_ _ _ _

.. _s______ I AVERAGE STEP _______ ________

NO. LETTP E STEP I  NO. IEND/END i-FOG _____

1 5.058 1 4.890 1 4.974 1 4.938 4.838 16

2 4.165 4.183 4.174 2 4.117 4.017 1-

3 2.440 ]2.490 2.465 3 ;4a14i I ____7_

4 1.528 1.563 1.546 4 1.554 1.454 13
5 1.025 1.055 1.040 5 1.052.  0.952 12

6 0.755 0.768 0.762 6 .767 0.667 11_ _7 0.585 0.590 0.588 7 sag _, 10
-._8 0. 475 0. 470 0.473 8 .473 0. 373 9

9 0.388 0.398 0.393 9 .395 O 95 8 i

10 0.333 0.345 0.339 10 .339" 0.239 1 7

11 1 0.298 0.303 0.301 1l 300 ,.70 6

12 0.270 0.273 0.272 J12 .272 0.1 2 I 5 i
13 0.255 0.260 0.258 13 .258 0.158 ] 4 I
14 0.253 0.245 { 0.249 14 .246 0.146 3 _

15 0.240 0.243 0.242 15 .238 0.138 2 [
ir 0.233 0.233 0.233 16 .235 ,0.135 _ ]
17 0,215- 0.2 1A 0-237

18 0.235 0.233 0.234

19 0.245 0.240 0.243

20 0.258 0.255 0.257 ____ ____ _____I___________

21 0.270 0.273 0.272 I _

22 0.298 0.300 0.299

0.335 0.340 0.338 _____ _ _ _ _ 1 ____ ____ F_____ _ _ _

24 0.393 0.398 0.3961

25 0.468 0.475 0.472 I _ +
26 0.585 0.595 0:590 I _

27 j0.763 0.780 0.772 ____ ____ 1 ____1___ _1____ ___

28 1.053 1 .07 1.0i3 _

29 1.553 1.568 1.561 ___

30 ?1 d 2 I AC I I ! _

31 4.065 4.055 4.060 i _ _

32 4.9'70 4.833 4.902 _ I _* _ _ _ _ _ _ _ _ _ _

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

S



T A2 I
CALI'RATION DATA A-4

FILI4 NO. 010 KV 50 EXPOSURE 2T.': I_ _ I _,,+, .!s= _ _ _ _ , .,v. __,_ 0
AVERAGE ISTEP AVERAGE INERG S P____ __

- NO.% ' NO. ","I DEND - FOG '40.. 8 ,, 4.83 4.83 t * 4 I <, ,n 4 .730 16-+ I
_.-__2 4.83 j 4.83 4.83 I 2 !4.830 4,730 1"J 1~I~ 1Wi3 d':771 4 310 4.2922 . 3 4+__67 ! 4-1"67 14

4 2.788 2.828 2.808 I 4 2.800 i 2.700 I 13
5 1.873 1.895 1.8841 5 1.893 1 1.793 I 12 _

6 .1.333 1.358 1.346 6 1.350 1,250 1

7 1.005 1.018 1.012 7 1 _ I , d 10 1

a0 7 3 0.803 0.798 .8 .800_ 0.700 9 ____

10 0.553 1 0.558 0.5S6 10 r)5 JQ d52 7____I_________
1 ii 0.475 0.480 0.478 11 I .475 0.375 6

12 0.420 0.423 0.422 12 .422 I 0.322 1 5 _

3 0.385 0.388 0.387 13 .385 0.285 _14 0.355 0.358 0.357 14 16 ,n~ , o'10n 3 1

15 0.330 0.335 0.333 is .336 10.236 2 ____ ____

", .6 0.315 0.320 0,318 . 1 '_I I,'II . 17 0.31 8 0.333 0.326
i :18 0 -llm" Q-14Q nQ 11 3

19 0.355 0.368 0.3621.20 0.378 0.385 !_0."382 I.i !__ I

21 0.420 0.423 J .2 L I !_ ! I I2 , ,o , .,,-,, o 4", _____ i i_ _ 1 _
23 0.545 0.545 0.545 I "1 t I " I

24 068 0.648 0.648 I I - I
;2t 0.795 0. 08_ 0_802____ ____

26_ _ _ _ 0-T .08 10 '~ MIA_ _ _ _ _ _1 _ _ _ _

-27, 1...43 1.363 1..353__ I i I
2q 1.893 198.. _ I _ _ _ I _
29 2.765 2.8 8 2.7 2 } I
30 4.223 J.6 41_ I _ _ _
31 4.83 4.83 4._3 I __t t

32 I 1 _. _ _ _ _ _ _ _ _ 4..3 4 .i_ _ I

_ _ it _ I _ I _ I _ _ I _ _ _ I _ _ _

.°
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4.0 -
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TABLE A3 A-7
CALIBRATION DATA

FILI NO. 011 .KV 80 EXPOSURE T

'STEP AVERAGE I STEP AVERAGE AVERAGE STEP _

( NO. PE I H r STEPI. -- L4L-- -Fo NO-a o. I.LET z.M !PER Sp,,.NO. E ND/END I-OG NO.
1 2.388 2.413 2.401 1 2.259 2.159 16 _ ]

1.198 1.203 1.201 3 1.169 169 14__
4 10.943 0.953 0.948 4 0.931 0.831 13

5 0.768 0.783 0-776- C; n ?r,6 r 2

6 0..650 0.660 0.655 6 0.651 0.551 11

7 0.563 0.570 0.567 7 0.565 0,46- 9

8 0.498 0.503 0.501 8 0.498 0.398 9

0.435 0.443 0.439 9 0.441 0.341 8

10 0.395 0.398 0.397 10 0.398 " 0.298 7

11 0.355 0.358 0.357 11 .0.359 0.259 6 _
12 0.325 0.328 0.327 .12 0-329 0o22c) 5

13 0.300 0.298 0.299 13 0.299 I 0.199 4 T
.14 0..78 0.275 0.277 14 0.278 0" 178 3

15 0.255 0:260 0.258 15 0.263 0.I3 2

16 0.243 0.245 .244 16 0.244 , oIl. . 1

17 0-240 24 Q.2 4_

19 .. azi... . ...... ... __ _ _ _ _ _ _ _19 Q-979 n-29n n ') Qv

20 1 0,295 
_ 

-. 
_ IA

21 0.328 0.333 0.331

22 0.358 0.363 0.361

23 0.393 0.403 0-3
24 0.438 0.448 0.443
25 0.490 0.500 0.495

26 0.560 0.565 0.563

27 0.638, 0.653 0.646

28 0.750 0.760 0.755

29 0.908 0.918 0.913

30 1.128 1.145 1.137

31 1.465 1.490 1.478

32 2.098 2.133 2.116

* _ _ _ _ _ _ __I _ _

_ I _i

6



TABLE A4
" CALIBRATION DATA A-8

" FILM NO. 012 KV 80 EXPOSURE 2T

STEP I____ ____AEAE STEP IAVERAGE 1AVERAGE STEP7i

- - 1 4.355 4.373 .364... 1' I4 2~4.D. 16 ____

.2 3.05 -n~ 3_06 L QAS I S~~A - -

3 2.268 2.278 2..273 3 I 2.216 I 2.116 14
41.765 1.775 . 70 3 1.740__ 1.___40 13__

5 1.425 1.430 1.433 5 1,416_ 12

*6 .1.195 1.198 1.197 6 1.1.86* 1.086 12 1

*8 0.878 10.878 0.878 8 0.878. 0,778 92~.
9 0,768 0.768 0.768 9 0.770 0-7 8

10 0.683 0.675 0,687 in -4 .A 0,- SA 7

0.608 0.605 0.607 11 .0.606 0.606 6_

12 0.543 0_543 0.543 12 0.545 ,0.445 5 ____

13 0.493 0.493 0.493 13 0.493 0.393 4
•14 0.453 0,445 idaa 14 , 0,454 0*'.1 C4 .3 .

15 0.418 0.415 0.417 15 0-41; 0 _ __2 q 2

16 0.388 0.383 0.386 16 0.387 1 0.287 1 . ____

17 0.388 0.388 0.388I

19 0.453 0.453 0.453 .__ __

18Q.ALa..I o. ,. _____

20 0-9 o-q r) A~
* 21 0.545 0.548 0.547 T

22 0.605 0.605 0.605

23 0.680 0.680 0.680

24 0.768 0.773 0.771 ____ ________

25 0.878 0.878 0-.78 _ !

26 1.005 1.013 r. 009 I
.27 1.170 1.178 1.174 I

28 1.395 1.403 1.399

29 1.705 1.713 1.709 1
30 2.153 2.163 2.158 i
31 2.828 2.843 2.836 _ _

32 3.993 4.005 3.999I. ._ _ _ _ _ _ _ __o_ _ _ _ _ _ _ _ _ _ _

_ _ _ i
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2.0
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- ~FIGURE ASll__
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- A-10

4.0

3.0

* a 2.0

*h 1.0

FIMRZ A6 ______

STEP TA.3LETTALIBRATION =UJVES =
DENSITY VS STEP NtMMER =

KODAK TYPE . FLZTA
FO EPOSURE T AMD 2'

EOsunE IUMDERS )15 )i~6

a 3 4 5 6 7 a 9 10 11 12 13 14 is 16

Step Number

- -



T 'ABIAE AS
CALIBRATION DATA A-1i

FILM NO. 015 KV 110 EXPOSURE T

*STEP AVM STEP AVERAGE STEP I_ _ .. ..
NO. _T. R P E E P1  NO. iED/END - FOG I NO. _

1 1.560 580 1.590 1 1.-475 _I1375 16

2 1.095 1.108 1.102 2 11073 0_97_ 15

0.875 0.880 0.878 3 .866 0.766 14 _

4 0.728 0.735 0.732 4 .737 0.627 13 _

5 0.625 0.630 0.628. 5 .627 0.527 12 __ .

6 0.550 0.553 0.552 6 055.40. 11

. 0.490 0.495 0.493 .7 .494 0.39 10 _

8 0.445 0.450 0.448 8 .449 0.349 9

9 0.408 0.410 0.409 9 .410 0.310 8 {
10 0.370 0.380 0.375 10 .377 0.277 7 
ii 0.343 0.350 0.347 11 .349 0.249 6

12 0.320 0.325 0.323 12 .326 0.226 5

13 0.300 0.300 0.300 13 .301 0.201 4 -

IA 0.280 0.285 0.283 14 .285 0.185 3

15 0.270 0.270 0.270 15 .270 0.170 2 I
16 0.260 0.260 0.260 16 1A
17 0.258 0.260 0.259

18 0.273 0.265 0.269

19 0.290 0.283 0.287 1
20 0.303 0.300 0.302 _

21 0.330 0.325 0.328

22 0.350 0.350 0.350

23 0.380 0.378 0.379

24 0.410 0.410 0.410 -_ _ .

25 0.450 0.450 0.450 _

A 0,495 0.495 0.495 .
27 0.553 0.553 0.553 . 1
28 0.623 0.62R 0.6

29 0.723 07.72Q 22
30 n Asi I
31 1.040 1.045 1.043 _

32 1.358 1.362 1.360 _

........... .... ...... t.__ _



TABLE A6 A-12
CALIBRATION DATA

FILM NO. C16 KV 110 EXPOSURE 2T
ST! ~ ~ ~ ~ AVRAE STEP__ _______ STEP________________ _________

STE - ]P AVERAGE IV~E SE
~NO, ET J U~ E NO. E'/E0 FOG NO

2_ 2.183 2.205 2.194 2 2 .08 5__ _

1.710 1.730 1.720 3 1.678 1.578 __14__

4 1.403 1.425 1.414 4 1.389 1.289 13 _

5 1.190 1.200 1.195 5 1.180 n..o ) 12 i

6 .1.030 1.038 1.0'34 r L.o2 l z 11 "_ _2f;

7 0.908 0.915 0.912 7 10on A n g__ 10

8 0.810 0.813 0.812 8 .8081 ____7__ 9 ____ __

9 .0.728 0.730 0.729 9 .727 I 0.627 8 _

10 0.658 0.663 0.661 10 .662 1*0.562 7 7 _

0.598 0.600 0.599 1• .601 0 AiI__

2 0.548 0.553 0.551 12 .532 0.432 5 .
13 0.503 0.505 0.504 13 .506 0.406 4 i

A 0.465 0.470 0.468 14 .468 0.'368 3
15 0.433 0.435 0.434 15 .435 0.335 2 _

16 0.405 0. 408 0.407 16 %.408 0.308
17 0.405 0.413 0.40 9 I

19 0.465 0.468 0.467

20 0.505 0.508 0.507 __ I

21 0.548 0.555 0.512 ________ ________ ____

22 0.600 0.603 0..602 . _
L 23 0.660 0.663 0.662 "

24 0.725 0.725 0.725 I__
o" 25 0.803 0.805 0.804 _ I ___

A 0.900 0.898 0,899 _ _i

27 1.018 1.015 1.017 1 _ -

28 1.165 1.165 1.165 I
a 29 1.365 1.360 1.363-

30 1.635 1.635 1.635 I
31 2.023 2.020 2.022 I

32 2.630 2.653 2.642

* _ _ _ _ _ _ __ _ I_ _
___I __fI

*i
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FIGURE A7
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4.0
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___ _FTGURE AS
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TABLE A7
CALIBRATION DATA A-15

S-FILM VNO. 169 kV 14(Y EXPOSURE T

* STEP AVERAGE STEP AVERAGE I AVERAGE STEP

NO. ._p.T I.T PER STIal NO. END/END I - F I NO.

1 1.655 1.648 1.652 1 1.543 1.443 16

2 1.233 1.233 1.233 2 1.183 1.083

- 1.003 0.998 0.500 3 0.722 0.622 14

4 0.843 0.840 0.842 4 0.825 0.725 13

5 0.728 0.728 0.728 5 0.718 0.618 12

6 .0.640 0.645 0.643 6 0.637 0.537 11

-7 0.573 0.575 0.574 7 0.572 0.472 10 .g 8 0.520 0.520 0.520 8 0.520 0.420 9 i

9 0.473 0.475 1b.474 9 0.474 0.374 _

10 0.433 0.435 0. 4 3 4  10 0.434 -'.334 7

0.400 0.403 0.402 il- P.401 0.301

12 0.370 0.373 0.372 12 0.371 0.271 5
13 0.343 0.345 0.344 13 0.345 0.245 4

JA 0.320 0.320 0.320 14 0.321 0.221 3

15 0.300 0.300 0.300 15 0.302 0.202 2

16 0.280 0.285 0.283 16 0.284 0.184 1

17 0.280 0.288 0.284
18 0.300 0.305 0.303-

19 0.320 0.323 0.322 .1

20 0.343 0.348 0.346 j
"21 0.370 0.370 0.370

__22 0 240 0.400 0.400

23 0.430 0.438 0.434
e24 0.470 0.475 0.473

0 25 0.418 0.520 0.519

0.568 0.570 I0A69
27 0.628 0.633 0.631

28 0.708 0.705 0.707

29 0.808 0.808 0.808
30 0.940 0.945 0.943
31 1.133 1.133 1.133

32 1.428 1.440 1.434

__~...ti
.- :- * ... *. .% " ' .*-*," "

-- oI



TABLE A8
CALiBRATION DATA A-16

FILM NO. 170 K-, 140 EXPOSURE 2 T

._STEP AVERAGE STEP AVERAGE AVEraGE. STEP _[

NO. L _T ! PET STEP NO. EnD/END - FOG NO.

1 3.230 3.240 2.235 1 3.05 2 16

2 2.428 2.438 2.433 2 . 2.349 2.249 1 15 _____

1.955 1.963 1.959 3 1.907 41.807

4 1.633 1.633 1.6 4 1 .Sn0... 13

5 1.398 1.398 1.398. 5 1.380 1.280 12 _

6 1.223 1.223 1.223 6 1.213 1.113 11

1.088 1.085 1.087 7 1.078 0.978 10

8 0.970 0.968 0.969 8 0.966 0.866 9

9 0.875 0.873 0.874 9 0.87. .77. 8

0i 0.793 0.793 0.793 10 0.791 0.691 7

11 0.723 0.723 0.723 11 0.721 0.621 6

12 0.663 0.665 0.664 12 0.663 0.563 5

13 0.608 0.610 0.609 13 0.610 0.510 4

0.560 0.560 0.560 14 0.561 0:461 3

15 0.520 0.523 0.522 15 0.523 0.423, 2

"..G 0.490 0.490 0.490 16 "0.490 t0.390 _ _ _

17 0.490 0.488 0.489
18_ 0.523 0.523 0.52-3

19 0.563 0.560 0.562r 20 0.610 0.610 0.610

21 0.663 0.660 0.662

22 0.78 0.720 0.719

23 0.788 0.790 0.789 "_i

24 0.870 0.873 0.872

25 0.960 0.965 0.963

1.068 1.068 r.068

27 1.203 1200) 1_207

28 1.363 1.360 1.362
29 1.575 1.568 1.572

30 1.855 1.855 1.855

31 2.260 2.268 2.264

32 2.863 2.895 2.879

4 _ _ _ _ _ _ _ _ _ _

_ _ __ * ._



APPENDIX B

50 KILOVOLT FILM SPEED COMPARISONS

TABLE OF CONTENTS

FIGURE B1 COMPOSITE FILM SPEED COMPARISON GRAPH

to B2 M VS R FILM SPEED COMPARISON CURVES

B3 M VS T " "
B4 M VS 55 . .I "

" B5 M VS 400" to.....

B6 R VS 45 "
B7 R VS 100" of "1

" B8 T VS 65 " .....
" B9 T VS 800 " " ....

TABLE Bi DATA FOR FILM SPEED COMPARISON GRAPH,
PERCENTAGE SPEED COMPARISONS AND
FILM CONTRAST NUMBERS

TABLE B2 M VS R FILM SPEED COMPARISON DATA
B3 M VS T " of

B4 M VS 55 " "
of B5 M VS 400 It...

I " 6 R VS45 .. ....
B7 R VS 100

B8 T VS 65 " it
B9 T VS 800 ". .... .

,a

| .

tI
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50 KV LRE Values For Speed Comparison Curves B-2

Density M R T 55 400 45 100 65 800

0.5 .68 1.1 .405 .52 .52 0.82 .94 .335 .235
0,3 .1655 .0 5.17

0.75 .872 1.35 .595 .715 .72 .05 --f.185 .5 .42
.35 16

1.0 1.01 1.52 .735 .85 .86 1.-0

1 2 82 .935 .945 35.3 1 .0 15

.325 C4 0.14
1. 1. .925 1Q.0. 1,06- .354

.33 .135 .075 .132.0 1.35 1.905 1.07 1.20 1.20 -

.33 075 .13
2. 2 1.398 1.955 1.115 1.25 1.24 .625 .825

33 4125 075 1 . .93

2.5 1.46* 2.02 1.18 1.32 1.30 -1-.895

3.0 1.545' 2.10 1.27 1.41 1.38 *33 .1 0751. 1

1.12
3.5 1.52 2.175 1.34 5 .4 1.4 . .0 9..48

1.48 1.6.1 _ 7 .275r 22

Speed Relative To M in Percent

* Density M R T 55 400 45 100 65 800
0.5 100 38.0 188.4 144.5 144.5 72.4 55.0 221.3 278.6

1.0 100 30.9 188.4 144.5 141.3 63.8 44.7 223.9 272.3

1.5 100 28.8 192.8 144.5 141.3 61.0 39.8 226.5 269.2

2.0 100 27.8 190.5 141.3 141.3 59.6 38.0" 226.5 260.0

2.5 100 27.5 190.5 138.0 144.5 58.9 36.7 226.5 257.0

3.0 '100 27.8 188.4 136.5 146.2 59.6 6. C ?22. 25.2

3.5 i00 28.4 191.9 140.6 147.2 60.7 37.4 225.4 252.9

Contrast Numbers

Density M R T 55 400 45 1O0 65 800
1.0-3.0 3.74 3.45 3.74 3.57 3.85 3.54 3.2 3.74 3.51

1.0-1.2 2.22 1.90 2.35 .35 2.. 2.3W5 2.35 -74 2-;c; .. 2..11

2.0-2.2 4.17 4.00 4.44 4.00 5.0 4.0 3.64 4.44 4.44

3.0-3.2 5.41 6.67 6.67 6.67 5.0 6.67 8.0 5.71 5.71

1.5-2.5 4.0 3.70 3.92 3.70 4.17 3.77 3.51 4.0 3.70

2-0-3.0 5.13 5.13 5.0. 4.76 5.56 5.13 4.65 5.0 4.76

12.5-3.5 5.95 6.45 6.06 6.25 6.25 6.45 6.25 5.88 5.71

TABLE Bi
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4

B-4

50 Ko ,KV

FILM TYPE

M VS R FILM NO. 067

STEP
NO. D avg. M LRE M LRE R DIFF. LRE !...DIFF

1 .210 .265

2. .218

3 .226 .300 0 -. 30 .60

4 .239

5 .257 .360 .06 -. 30 .69

6 .289

7 .321 .465 .13 -. 335 .80

8 .404

9 .444 .615 .215 -. 40 1.015

10 .553 .72 .29 -. 43 1.15

1 .717 .85 .38 -. 47 1.32

12 .977 1.oo .49 -. 51 1.51.

13 1.418 1.18 .645 -. 535 1.715

14 2.212 1.395 .85 -. 545 .94

15 3.674 1.66 1.11 -. 55 2.21

16 4.995

TABLE B2

d
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B-6

so KV

FILM TYPE
M VS. T FILM NO. 068

STEP +
NO. D avg. m LRE m LRE T DIFF. LRE .. _9DIFF

I .204 .25 .495 + .245 .005

-2 .214

.222 .30 .515 + .215 .108

4 .235

5 .256 .36 .59 + .23 .13

6 .275

7 .31 .45 .71 + .26 .19

8 .357

9 .425 .60 .88 + .28 .32

10 .528 .695 .99 + .295 .40

II .681 .83 1.115 + .285 .545

12 .924 .97 1.26 + .29 .68

13 1.329 1.15 1.44 + .29 .86

14 2.067 1.36 1.64 + .28 1.08

15 3.453 1.625

16 4.867

TABLE B3

I
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B-8

50 KV

FILM TYPE

M VS. 55 FILM NO. 070

STEP j+
NOD avg. M REM LRE 5.5... DIFF.

I.199 25.41 + .175 .06

2. ~.203 _______ _______ _______

3 2754 425 + .15 .2

4 .227__ _ _ _ _ _ __ _ _ _ _ _

5 .244 .34 .485 + .145 .195

6 .267__ _ _ _ _ ___ _ _ _ _ _

7 .302 .44 .585 + .145 .295

8 .347 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9 .409 .45 .74 + .16 .42

10 .503 .675 .84 + .165 .51

II.646 .80 .96 + .16 .64

12.873 .945 1.105 + .16 .785

13 1.244 1.115 1.28 + .165 .95

14 1.933 1.335 1.485 + .15 1.185

15 3.223 1.585 1.72 + .135 1.45

16 4.89 7 __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _

TABLE B4



70

8-9
4.0-

3.0

2.0 0M-

1.0

FIGUIRE aS ____5_____

30 =GLVOLT
SPEED COMPARISON CURVES

HM VS 400
4 F1.%1 4JUMBER 069 ___

0.0
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".Q

B-1O

5 o KV

FILM TYPE

M vs. 400 FILM NO. 069

STEP +
NO. D ovg. M LRE M LRE 400 DIFF. LRE.m_ DIFF

.202 .24 .39 + .15 .09

2 .206

3 .215 .28 .42 + .14 .14

4 .229

5 .243 .335 .50 + .165 .17

6 .267

7 .298 .435 .58 + .145 .29

8 .344

9 .412 .58 .735 + .155 .452

10 .508 .68 .84 + .16 .52

" II .652 .805 .965 + .16 .645

12 .880 .95 1.105 + .155 .795

13 1.269 1.12 1.29 + .17 .95

14 1.964 1.34 1.50 " .16 1.18

I5 3.251 1.585

16 4.815

TABLE B5

-
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0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7

Log Relative Exposure



B-12

-o KV

FILM TYPE

VS. s. FILM NO. o73

STEP +
. NO. D avg. . . LRE 45 LRE R DIFF. LRE.AL-DIFF

I .140 .03

2 .146

.152 .09 0.0 - .09 .18

4 .159

.168 .15 .02 - .13 .28

6 .182
7 .203 .255 ,09 - .165 .42

* .234

9 .274 .39 .165 - .225 .615

10 .334 .48 .255 - .225 .705

, II .427 .60 .33 - .27 .87

12 .566 .735 .44 - .295 1.03

13 .803 .905 .58 - .325 1.23

" 14 1.228 1.11 .78 - .33 1.44

15 2.038 1.355 1.035 - .32 1.675

16 3.842 1.68 1.35 - .33 2.01

TABLE B6

A

ra

a.
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B-14

50KV

FILM TYPE

.2~VS. 10FILM NO. 074

NO. D avg. loo LRE 100 LRE R- DIFF. LRE-10-0 -DIFF

1.161 .035 00-.3 2

7 .14 .205.95-1135

8 .154

5 .2361 .35 0.80 .135 .45

6O .271 35.6-.3 5

72 .14 .615 .45095 .785

13 .678 .775 .6 .175 .54

14 .398 .96 .7954 .16 1.124

15 1.447 1.185 1.045 -. 14 1.325

162.672 1.485 1.36 - .125 1.61

TABLE B7
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.1~ B-16

50 KV

FILM TYPE

T VS. r, _ FILM NO. 071

STEP +
NO. D avg. T LRE T LRE .65 DIFF. LRE..--DIFF

.332 .48 .55 + .07 .41.

2 .. ? .342

3 .361 .52 .59 + .07 .45

4 .377

5 .407 .58 .66 + .08 .50

6 .454

7 .518 .695 .765 + .07 .625

8 .604
9 .730 .86 .953. + .075 .785

.916 .965 1.04 + .075 .89

II 1.192 1.095 1.165 + .07 1.025

12 1.619 1.245 1.315 + .07 1.175

13 2.284 1.415 1.49 + .075 1.34

14 3.328 1.605 1.68 + .075 1.53

15 4.582

-: 16 4.818

TABLE B8

.I

4
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B-18

soKV

FILM TYPE

, S. FILM NO. o.2

STEP +
NO. D avg. T LRE T LRE 800 OIFF. LRE-.L..-DIFF

-I.289 .415 61 + .195 _

... 2 .296 _ _ _ _ _ _ _ _ _ _ _ _

3-34455 +7 + 5

4 .344

5 .373 .54 .72 + .18 .36

6 .419

T .489 .66 .84 + .18 .48

8 _.574

9 .706 .84 1.05 + .21 .63

10 .890 .955 1.115 + .16 .795

II 1.169 1.085 1.24 + .155 .93

I2 1.598 1.24 1.38 + .14 1.10

13 2.283 1.415 1.545 + .13 1.285
14 3.347 1.605 1.73 + .125 1.48

" 15 4.743

16 5.075

TABLE B9

6..

o*
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APPENDIX C

80 KILOVOLT FILM SPEED COMPARISONS

TABLE OF CONTENTS

FIGURE Cl COMPOSITE FILM SPEED COMPARISON GRAPH
C2 M VS R FILM SPEED COMPARISON CURVES
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C-2

80 KV LRE Values For Speed Comparison Curves

e i M R T 55 400 45 100 65 800

0.5 .54 .855 .31 .405 .405 659 . .145

.28 .13 . .1

0.75 .72. 1.10 .475 .585 .575 .8 9 7 .085 .

* 1.0 .845 1.27 .595 .72 .70 .265 .15
.26 .10 .08 1 45

. 93 1.375 .675 .80 .775 .115 .2.59
. 15 - .09 08 > .14 5 <

* 1.5 1.03 1.495 .78 .905 .875. .2 4 45 0

.2 .08 02.0 1.165 1.64 .92 1.04 1.005 .849

1.205 1.685 .965 1.085 1.05 .2 * _0 .0 .8851

2.2~~.2 12_ ___ _

2 .5 1.26 1.74 1.035 1.145 111 5.2 0, 6 .9 5 1
2. 5 . 65 5 .913.0 1.34 1.81 1.135 1.235 1.195 7 1.06

.23 .071o55 105
3.2 1.365 1.835 1.175 1.27 1.225.07 ! 1.1 6_05..,o

Speed Relative To M in Percent

" Density M R T 55 400 45 100 65 800
0.5 100 48.4 169.8 136..5 136.5 89.1 66.1 204.2 248.3

1. 100 37.6 177.8 133.4 139.6 69.2 48.4 216.3 251.2

1.5 l00 34.3 177.8 133.4 142.9 61.7 42.2 213.8 245.5

2.0 100 33.5 175.8 .133.4 144.5 59.6 40.3 211.3 237.1

2. 5 i00 33.1 167.9 130.3 141.3 57.5 39.4 201.8 221.3

3.0 100 33.9 160.3 127.4 139.6 58.2 39.8 190.5 206.5

3.5 100 35.1 151.4 123.0 136.5 54.3 41.2 182.0 188.4

Contrast Numbers

Density iM R T 55 400 45 100 65 800
1.0-3.(" 4.04 3.70 3.70 3.88 4.04 3.51 3.45 3.64 3.45

1.0-1.2 2.35 1.90 2.5 2-5 2.67 1.82 1.82 2.35 2.35

0-2.2 5.0 4.44 4.44 4.44 4.44 4.0 4.44 4.44 4.0

3.0-3.2 8.o 8.0 5.0 5.71 6.67 6.67 8.0 5.0 4.44

1.5-2.5 4.35 4.08 3.92 4.17 4.26 3.85 3.85 3.92 3.64

2.0-3.0 5.71 5.88 4.65 5.13 5.26 5.41 5.56 4.56 4.26

2.5-3.5 6.90 8.33 5.26 5.88 6.25 5.88 8.0 5.26 4.65

TABLE Cl
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80 K

FILM TYPE

M VS R FILM No. 228

* STEP
NO. o avg. m LRE m LRE R DIFF. - LREL...-DIFF

4nR ________.19 .26 .71

2 ~.438 ____________ __

*-3 .471 .53 .225 .305 .835

4 .509 __ __ _ __ _ ---__---___

5 .556 .585 .255 .33 .915

6 .61.5 ---__ __ _ __ __ _ __ _

-7 .'685 .68 .315 .365 1.045

8 '769 --- _____---_--

9 .870 .785 .38 .405 1.19

10 1.005 .85 .425 .425 1.275

11 1.172 .92 .475 .445 1.365

**12 1.399 1.00 .545 .455 1.455

13 1.726 1.095 .63 .465 1.56

14 2.212 1.205 .74 1 .465 1 1.67

15 2.963 1.338 .87 .468 1.806

16___ 4.228 1.515 1.11 .405 1.92-

TABLE C2
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C-6

-. - 80 KV

FILM TYPE

m VS. T FILM NO. 229

STEP
NO. Do avg. M LRE m LRE T DIFF. + LRE-.1LEDIFF

1 .410 .45 .665 .215 .235

2 , . 4 3 6 ---. ... ... .

.470 ,515 .74 11c .294 .51o ......__ _ _ __ _ __ _4. .5 0---- -------

5 .558 .59 .825 71_ S__ ;__
6 .614 --- --- --.....

7 .685 .68 .925 .245 .435

8 .768 ............

9 .872 .79 1.045 .255 .535

10 1.000 .85 .26 ._

II 1.168 .915 1.18 .265 .65
. 12 1.392 .995 1.255 .26 .735

* 13 1.708 1.09 1.34 .25 .84

14 2.184 1.20 1.44 24

15 2.931 1.33 ---.......-

e16 4.200 ....- _ ...

TABLE C3
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C-8

so KV

FILM TYPE

M VS. 55 FILM NO. 231

STEP
NO. D avg. M LRE M LRE 55 DIFF. + LRE MLDIFF

" I .390 .43 .55 .12 .31

" 2 .417 --- - ---

3 .447 .49 .615 .125 .365

4 .445 --- ........

5 .527 .565 .70 .135 .43

6 .5 8 3 .... .... ... ..

7 .651 .66 .79 .13 .53

" .725 ......... ---..

% ".9 ._ _ _ 769 1 .S

10 .952 .83 .965 .135 .695

II 1.113 .895 1.035 .14 .755

12 1.329 .975 1.11 .135 .84

13 1.631 1.07 1.20 .13 .94

14 * 2.093 1.18 1.30 .12 1.06

15 2.823 1.315 1.425 .11 1.205

16 4.094 ........... .-

TABLE C4

4
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c-10

80 K

FILM TYPE

m VS, 400 FILM No. 230

STEP
NO. D civg. mL.. LRE m.~...... LRE...An...... DIFF. + LRE-L.-O1FF

1 .399_____ 44c; -57r .1331

2 .426 ---__ __ ---_ __ _ _ __ _ __ _ _

3 .459 .505 .64 .135 37

4 .498 --- _ _ __ _ --- _ _ __ _

5 .544 .58 .72 .14 .44

6 .600 --- ---__ __ _ ---__ __ _ _ _ __ _ _ _

-- 7.664 .67 .815 .145 .525

8 '747 ---__ __ _ --- __---_---

9 .848 .775 .93 .155 .62

10 .97 .84 .995 .155 .685

11 1.137 .905 1.06 .155 .75

12 1.354 .985 1.145 .16 .825

13 1.665 1.08 1.235 .155 .925

14 2.128 1.185 1.34 .155 1.03

15 2.857 1.32 1.47 .1 1-17

16 4.121 __ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _

TABLE C5
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C-12

80 K

FILM TYPE

R VS. 45 FILM No. 232

STEP
NO. D avg. R LRE R LRE 45.AL. DIFF. + LRE_ I~~FF

______ .300 .31 .52 .21 i

2..315 ---___ __ _ ---___ __

3.332 .36 .59 .23 .13

4.359 __ __ __ __ --- ________

5 .389 .43 .68 .5_______

6 .428_____ __

7.475 .52 .785 .265 .255

8 ~.536__ _ _ _ _ ___ _ _ _ _ _ _____ __

9.618 .635 .91 .275 .36

1O .724 .705 .98 .275 .43

11 .867 .785 1.055 .27 .515
12 1.063 .875 1-145 -27 -Ac

131.353 .985 1.245 .26 .725

14 1.778 1.11 1.36 .25 .86

15 2.434 1.25 1,495 -241; 1-no05

16 3.623 1.43 _______ _______ _______

TABLE C6

4



C-14
Pe

80 KV

FILM TYPE

R vs. 100 FILM NO. 233

STEP
NO. D avg. R LRE R LRE 100 DIFF. LRE- '-DIFF

1 .293 .30 .42 .12 .18

2 . 3 0 8 - ---. . .. . .

3 .325 .35 .50 .15 .20

4 .353 . .. ......

5 .382 .42 .555 .135 .285

6 .421 ............

7 .464 .51 .65 .14 .37

8 .523 ......... -

9 .600 .625 .755 .13 .495

10 .702 . .695 .82 .125 .57

II .839 .77 .89 .12 .65

12 1.024 .86 .97 .11 .75

13 1.295 .96 1.065 .106

14 1.699 t 1.085 1.18 .095 .99

15 2.326 1.23 1.305 .075 1.155

16 r 3.459 1.41 1.48 .07 3

TABLE C7

.a

:I
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C-16

80 KV

FILM TYPE

T VS. 65 FILM NO. 079

STEP
NO. D avg. T LRE T LRE 65 DIFF. LRE .DIFF

I .362 .40 .49 .09 .31

2.390 --- _ __ _ --- __---_---

3 .426 .47 .56 .09 .38

4 .463 ............-

5 .510 .55 .65 .10 .45

6 .568

"-7 .637 .65 .74 .09 .56

8 .7 2 3 --- ---. .. ... ..

9 .823 .765 .85 .085 .68

10 .949 .825 .915 .09 .735

- II 1.114 .895 .98 .085 .81
12 1.331 .98 1.06 .08 .90

13 1 A1 (7 1 15 _'11=_ 99

14 2.058 1.17 1.255 .085 1.085

15 2.691 1.295 1.37 .075 1.22

16 3.730 1.445 1.515 .07 1.375

TABLE CS

4

*6

a
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C-18

-o KV

FILM TYPE

T VS. ann FILM NO. ogo

STEP
* , NO. D avg. T LRE T LRE 800 DIFF. LRE.L .- IFF

I .359 .39 .565 .175 .215

2 . .383 --- --- --- ...

3 .419 .46 .635 .175 .285

4 .459 --- ---........

5 .508 .55 .715 .165 .385

6 .560 ............

7 .631 .65 .81 .16 .49

8 .710 ...... .....

9 .812 .76 .915 .155 .605

10 .973 .82 .975 .155 .665

II 1.097 .89 1.04 .15 .74

12 1.308 .97 1.115 .145 .825

13 1.601 1.06 1.20 .14 .92

14 2.020 1.165 1.295 .13 1.035

15 2.634 1.285 1.40 .115 1.17

16 3.658 1.435 ...

TABLE C9

IJ
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APPENDIX D

110 KILOVOLT FILM SPEED COMPARISONS

TABLE OF CONTENTS

FIGURE Dl COMPOSITE FILM SPEED COMPARISON GRAPH
" D2 M VS R FILM SPEED COMPARISON CURVES

D3 M VS T " " " "

D4 MVS55 .. .... ..
DS M VS 40• -" D5 m vs 4001 . . ......

D6 R Vs 45 ..
D7 R VS 100."
D8 T VS 65.

D9 T VS 800" " .

TABLE Dl DATA FOR FILM SPEED COMPARISON GRAPH,
PERCENTAGE SPEED COMPARISONS AND

FILM CONTRAST NUMBERS

TABLE D2 M VS R FILM SPEED COMPARISON DATA
D3 M VS T " ' IV

D4 M VS 55 . ..

D5 M VS 400 . ..
to D6 R VS 45 . .

D7 R VS 100 .. ...
D8 T VS 65 . ..

to D9 T VS 800 to.
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D-2

11o KV LRE Values For Speed Comparison Curves
M R T 55 400 45 100 65 80

5 t.14 .0 .17

0.5 .40 .785 .26 .375 .36 .535 .645 .16 .09

0.75 .67 1.05 .425 .54 .53 26 9 0" )
9 ", "2. 3 5 .26

*1.0 .81 1.22 .56 .675 .6 6 71 4" 25 09

1. .89 1.325 .65 .76 .74

*1.5 .99- 1.445 .77 .86 .85. 2 .215 . 35 5 0968- .63

2.0 1.11 1.56 .925 1.00 .98 .355 4 9 5 > .05

2.2 1.14 1.59 .98 1.045 1.025 1 iq 1%7qI!Rr

2.5 1.185 1.62 1.05 7I.1 1. 15 05 5 .06,, .06

3.0 1.24 1.645 1.14 1.175 1.16 .55 1 -1 .13 .C

q3.5 1.8 1.66 1.22 1.235 1.23 .0 .3

Speed Relative To M in Percent

Density M R T 55 400 45 100 65 800
0.* 100 41.2 138.0 105.9 109.6 73.3 56.9 173.8 .204.2

1.0 100 38.9 177.8 136.5 141.3 69.2 50.1 218.8 260.0

1.5 100 35.1 166.0 134.9 138.0 59.6 43.2 204.2 229.1

2.0 100 35.5 153.1 128.8 134.9 56.9 41.7 179.9 201.8

2. 100 36.7 136.5 121.6 125.9 55.0 41.7 156.7 171.8

S3-.0 100 39.4 125.9 116.1 118.9 54.3 43.2 141.3 149.6

3.5 100 41.7 114.8 110.9 112.2 52.5 44.9 125.9 128.8

Contrast Numbers

Density M R T 55 400 45 100 65 800

* 1.0-3.0 4.65 4.71 3.45 4.0 3.96 3.74 4.04 3.23 2.98

1.0-1.2 2.5 1.90 2.22 .2.35 2.5 1.90 1.74 2.22 1.90

2.0-2.2 6.67 6.67 3.6.4 4.44 4.44 5.0 5.71 3.33 3.33

3.0-3.2 13.3 40:0 5.71 8.0 8.0 10.0 28.6 5.0 4.0

1.5-2.5 5.13 5.71 3.57 4.17 4.26 4.35 4.76 3.23 3.12

2.0-3.01 7.69 11.76 4..65 5.71 5.41 6.67 8.70 4.26 3.85

2.5-3.5 10.52 25.0 5.88 7.41 6.90 8.70 15.87 5.26 4.55

TABLE D1
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D-4

110 KV

FILM TYPE

M VS. R FILM NO. 222

STEP
NO. O avg. M LRE M LRE R DIFF. - LRE_..-DIFF

I .505 .50 .21 .29 .79

2 .540 ---......

5 .582 .56 .25 .31 .87

4 .627 --- .... ...

5 .681 .635 .275 .36 .995

6 .7 3 8 .... --.. ... ..

T .809 .71 .33 .38 1.09

.885 --- --- ---

9 .982 .80 .375 .425 1.225

10 1.094 .84 .415 .425 1,265

II 1.229 .895 .455 .44 1.335

12 1.412 .95 .50 -455 1_41

13 1.648 1.025 .565 .46 1-48r

14 1.980 1.10 .645 .455 1.555

15 2.472 1.18 .74 .44 1.62

16 3.296 1.265 .88 .385 1.65

TABLE D2
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D-6

110 KV

FILM TYPE

M VS T FILM No. 223

STEP +
NO. D avg. M LRE m LRE T D1FF. + LRE-iL.-DIFF

I.526 .515 .755 .24 .271;

2 .561 ---__ __ _ ---__ __ _ ---___ __ _

3 .603 .58 .82 .24 .34

4 .651 ---__ __ _ ---__ __ _ ---____---_

5 .706 .645 .90 .255 .39

6 .769 ---__ _ _ __ _ _ _ _ _ __ _ _ _ _ _

7 .'842 .73 .98 .25 .48

8 .927 ---__ _ ---_---_---

9 1.024 .815 1.06 .245 .57

1O 1.140 .865 1.11 .245 .62

11 1.289 .92 1.15 .23 .69

121.476 .975 1.195 .22 .755

13 1.724 1.04 1.24 .20 .84

14 2.077 1.115 1.28 .165 .95

15 2.582 1.195 1.325 .13 1.065

16 3.428 1.275 _______ ______________

TABLE 03
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110 KV

FILM TYPE

m V . C;FILM No. 225

STEP+
NO. D avg. m LRE m LRE 55 DIFF. +LRE-aL-DIFF

1 .533 .525 .65 .125 .40

2. .565 --- -

3 .609 .585 .71 .125 .46

4
5 .709 .65 .785 .135 .515

6 .772 ---_---_---_---

7 .845 .73 .865 .135 .505

8 .927 --- -

9 1.026 .815 .95 .135 .68

1O 1.140 .865 .995 .13 .735

11 1.282 .915 1.045 .13 .785

12 1.464 .975 1.10 .125 .85

~15 1.708 1.04 1.155 .115 .925

14 2.057 1.11 1.21 .10 1.01

15 2.562 1.19 1 1.27 .08 1 1.11

~16r 349 1.275 1.325 .05 1.225 j

TABLE D4
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D-10

C'

110 KV
FILM TYPE

2 V S. 400 FILM No. 224

~STEP+

NO. Oovg.m ILRE m LRE 400 DIFF. + LR, -,._-DIFF

1 .531 .525 665 .14 I85
2 . .563 ... ---.......-

4 .653 .....

5 .708 .65 .80 .15 .50* 6 .770 --- ........

7 .844 .73 .88 .15 .58

8 .927 ............

9 1.023 .815 .965 .15 .665

10 1.140 .865 1.015 .15 .71.5

II 1.288 .92 1.065 .145 .775

12 1.472 .975 1.12 .145 .83

13 1.724 1.04 1.17 .13 .91

14 2.078 1.115 1.23 .115 1.00

15 2.587 1.195 1.285 .09 1.105

16 3.439 1.28 --- - _-

TABLE D5

6

6 " " " " " ' " "
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D- 12

110 KV

FILM TYPE

R VS. 45 FILM NO. 226

STEP _

NO. D avg. R LRE R LRE 45 DIFF. + LRE_.-.-DIFF

1___ .463 .465 72 _ __

2 . 4 9 2 . . ..-.--.. . .. . .

• .530 .52 .795 .275 .245

4 .578 ---.......

5 .631 .60 .875 .275 .325

6 .696 --- _---_---

7 .774 .69 .96 .27 .42

8 .865 ............

9 .978 .79 1.055 .265 .525

0 1.111 .85 1.105 .255 .595

II 1.284 .915 1.155 .24 .675

12 1.498 .98 1.20 .22 .76

13 1.794 1.06 1.25 .19 .87

14 2.202 1.12 1.295 .175 .945

15 2-790 1_22 ....... 5

16 3.7 9 1.30 .........

TABLE D6

F.
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D-14

110 KV

FILM TYPE

vs. 100 FILM NO. 227

STEP +
NO. D avg. R LRE R LRE_.oo DIFF. + LRE-.._-DIFF

I .462 .465 .60 .135 .33

2 .489.

3 .527 .52 .66 .14 .38

4 .5 7 3 .... ... ... ..-

5 .628 .595 .735 .14 .455

6 .689 --- ........

7 766 .685 .815 .13 .555

8 .858 ........... .-

9 .969 .79 .905 .115 .675

10 1.106 .85 .955 .105 745

II 1.275 .915 1.01 .095 .82
12 1.497 .98 1.07 .09 .89

13 1.787 1.06 1.13 .07 .99

14 2.195 1.135 1.195 .06 1.075

15 2.779 1.22 1.26 .04 1.18

16 3.732 1.30 1.325 .025 1. 275

TABLE D7

:I
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1.10 KV

FILM TYPE

T VS. 65 FILM NO. 087

STEP +
NO. D aVg. T LRE T LRE 65 DIFF. + LRE... .- DIFF
1 .380 .385 .47 .085 .30

* 2. .407 ---__ __ _ ---__ __ __ _ __ _ _

3 .437 .44 .53 .09 .35

4 .469 --___ _ _ ---___ __ ---___ _

5.509 .51 .595 .085 .425

6 .557 ---__ __ _ ---__ __ _ --- _ __--- _

T .612 .585 .68 .095 .49

9 .748 .675 .77 .095 _______

10 .835 .725 .82 .095 .63

11 .94 .78 .87 .09 .69

12 1.081 .84 ________ _________ 7_______

13 1.263 .91 1.00 .09 .82

14 1.512 .985 1 1.0,7 1 .085 1 .90

15 1.873 1.075 1.155 .08 .995

16 2.473 1.18 1.24 .06 1.12

TABLE D8
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FILM TYPE

T vs. 800---_-_- FILM NO. 088

STEP
NO. o aV'g. T.L... LRE.. T.... LRE .... nn... DIFF. + LRE...--DIFF

-1I .370 .37 .545 17

* 2 .394 ---_________________

.3 .421 .43 .60 .17-2

4 .457 ---__ __ _ __ _ _ _ _ _ _ _ _ _ _ _

5 .494 i.495 6*7 .175 .32

6 .543

*7 .594 .57 .75 .18 .39
8 .654 ---___ __ _ ---__ __ _ ---___ __

9 .727 .66 .835* .175 .485

10 .813 .715 .88 .165 .55

11 .918 .77 .935 .165 .605

12 1.047 .825 .985 .16 .665

13 1.230 .90 1.05 .15 .75

14 1.472 .975 1.13 .155 .82

15 1.827 1.065 1.19 .125 .94

16 2.424 1.17 1.27 .10 1.07

TABLE D9
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140 KILOVOLT FILM SPEED COMPARISONS
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140 KV LRE Values For Speed Comparison Curves
Density M R T 55 400 45 100 65 800
0.5 .41 .69 .19 .28 .285 .283 .15

______ ______ _____ ______ 41 . 5 5 .09 .09
.26 .13 .. .10.75 .57 .94 .345 .425 .43 .68 .1 .235

1.0 .69 1.115 .47 .54 .545 .005 . 65 30

1.2 .76 1.22 .55 .62 .62 . . 1

1.5 23_- 09 .> 2 4 5 48
_._ .86 1.34 .645 .715 .715 1.105

", . 082.0 .975 1.45 .775 .845 .835 5 1.4 36

.2, .07 1
2.2 1.015 1.485 .815 .89 .875 .265 .5 67

265 .725 672.5 1.06 1.525 .75 .945 .93 .315 1.6 508 1--

.1 6 |7 5

3.2 1 16 19. 5 .98 1 1 5 6.38 1.5 .8

;. 1i01 3 3. 5. 134.9)1 3. 562 43 95 223

32 1.16 34.58 15.8 1.03 1.3. 5 .6 3 18.5 20.88

.19 .04

3.5--L0

J 119 1.60 1.02 1.105 1.07. .41 1.56 ' .95

SSpeedRelative To M in Percent
Density M R T 55 400 45 100 65 So0

0.5 100 52.5 166.0 134.9 133.4 100 71.6 208.9 234.4

1.0 100 37.6 166.0 141.3 139.6' 68.4 48.4 211.3 242.7

1.5 100 33.1 164.1 139.6 139.6 56.9 41.2 206.5 237.1

2.0 33.5 158.5 134.9 136.5 56 .2 40.3 199.5 221.3

2.5 100 34.3 153.1 130.3 134.9 55.6 39.8 184.1 204.2

03.0 6145 36.33 15.4 1 5.9 1 3.8 6.4 57 4 . 4.76 19-

1 100 38.9 147.9 121.6 131.8 160.3 42.7 166.0 173.8

Contrast Numbers
Density M R T 55 400 45 100 65 800
1.0-3-0 4.55 4.4 4.17 4.08 4.35 3.88 3.96 3.92 3.74

10.2 2.86 1.9 f2.5 2-.5 2.67 1.67 1.74 2.35 2.35

2.0-2.2 5.0 5.,71 .0. W4. .0.. 5. .0 .L . .44~..

63.0-3-2 6.67 20. Or 6.67 6.67 6.67 20.0 10.0 6.67 5.0

1.5-2.51 5.0 5.41 14.35 4.35 4.65 4.76 4.65 4.0 13.77

20-3.0 6.45 8.33 5.71 5.41 5.88 6.90 7.14 5.0 4.76

2.5-3-5 7.69 13.33 6.90 6.25 7.14 1'0. 53 10.0 5.71 5.0

6 TABLE El
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140 KV

FILM TYPE

M VS. R FILM NO. 213

STEP +
NO. D avg. _ _LRE LRE R DIFF. LRE2._.-DIFF

.730 .555 .180 .375 .930

2 .778 .580 .185 .395 .975

. .835 .615 .210 .405 1.020

4 .905 .645 .240 .405 1.050

5 .984 .680 .250 .430 1.110

6 1.043 .710 .280 .430 1.140

7 1.172 .750 .305 .445 1.195

81.288 .800 .330 .470 1.270

9 1.419 .840 .365 .475 1,1

1O 1.565 .880 .410 .470 1.350
II 1.753 .920 .450 .470 1.390

12 2.016 .980 .500 .480 1.460

13 2.309 1.040 .560 .480 1.520

14 2.734 1.100 .640 .450 1.550
15 3.314 1.165 .735 .430 1.595

16 4.173 ............

TABLE E2
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140 KV

FILM TYPE

M VS. T FILM NO. 215

STEP
40. D avg. M LRE M LRE T DIFF. + LRE--...-DIFF

I.794 .600 .825 .375

2. .844 .620 .850 .230 .390

3 .907 .650 .885 .235 .415

4 .982 .680 .915 .235 .445

5 1.062 .710 .950 .240 .470

6 1.154 .750 .985 .235 .515

7 1.264 .785 1.010 .225 .560

8 1.389 .825 1.060 .235 .590

9 1.532 .870 1.090 .220 .650

10 1.699 .910 1.125 .215 .695

II 1.906 .960 1.165 .205 .755

12 2.156 1.010 1.205 .185 .825

13 2.490 1.060 1.250 .190 .870

14 2.922 1.120 .........

15 3.512 1.195 .........

16 4.316 .. .

TABLE E3

4
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140 KV

FILM TYPE

M VS. 55 FILM NO. 217

STEP +
NO. D avg. M LRE M LRE 55 DIFF. + LRE-..--DIFF

I .798 .600 .745 .145 .455

2 .850 .620 .770 .150 .470

.910 .650 .800 .150 .500

4 .983 .680 .840 .160 .520

5 1.062 .710 .870 .160 .550

6 1.158 .750 .900 .150 .600

7 i.264 .785 .940 .155 .630

8 1.384 .825 .970 .145 .680

9 1.532 .870 1.010 .140 .730

10 1.695 .910 1.050 .140 .770

II 1.890 .950 1.085 .135 .815

12 2.142 1.005 1.130 .125 .880

3. 3 2.473 1.060 1.175 .115 .945

14 2.913 1.120 1.220 .100 1.020

15 3.518 1.205 ......... -

-. 16 4.308 --- ---

4i TABLE E4

i4
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14o KV

FILM TYPE

M VS. 400 FILM NO. 216

STEP +
NO. D avg. M LRE M LRE 400 DIFF. + LRE2L.-DIFF

I .783 .590 .730 .140 .450

2 .838 .620 .760 .140 .480

3 .902 .645 .790 .145 .500

4 .974 .680 .820 .140 .540

5 1.057 .710 .860 .150 .560

6 1.153 .750 ".895 .145 .605

7 1.259 .785 .930 .145 .640

1.378 .830 .970 .140 .690

9 1.525 .865 1.005 .140 .725

10 1.692 .910 1.045 .135 .775

II 1.889 i .955 1.090 .135 .820

12 2.145 1.005 1.130 .125 .870

13 2.463 1.060 1.180 .120 .94014 2.889 1._120 1.240 .120 1.000

15 3.480 1.190 --- --- ---

1 6 4 . 2 7 8 . . .. . . .. . .. .. -

TABLE ES
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0 KV

FILM TYPE

R VS. 45 FILM No. 218

STEP +4
NO. o avg. R LRE R LRE 45 DIFF. + LRE R .- D1FF

I.505 .405 .680 .275 .130

2 .53 .430 .705

3 .574 .460 .735 .275 .185

4 .620 .490 .770 .280 .210

5_ .681 .530 .810 .280 .250

6 .74 .565 .850 .285 .280

7 .818 .610 .880 .270 .340

8.908 .650 .920 .270 -Igo

9 1.015 .695 .965 .270 .425

10 1.146 .745 1.005 .260 .485

11 1.298 .800 1.050 .250 .550

12 1.488 .750 . 1.100 .240 .620

13 1.744 .920 1.150 .230 .690

14 2.086 .995 1.205 .210 .785

1 5 2 . 5 7 9 1 . 0 8 0 - --__ _ _ _ 
- - -_ _ _ _ _

16 3.377 1.180 ______________ ______

TABLZ E6



E-13

3.0 - -

2.0

=_________ -- 1-

1.40 K=ZLVOLT ___

SPEED COMIPARISON CURVE

a VS 1.00-----
FIZ.H NUMhBER

0.0- --

0.0 0.3 0.5 0.9 1.2 1.5 1.8 2.1 2.4 2.7

Log Relative Exposure



E-14

140 KV

FILM TYPE
R VS. 100 FILM NO. 219

STEP +
NO. DOavg. LRE R LRE inn DIFF. + LRE-a_-DIFF

I .517 .420 .550 .130 _ _ _

S.554 .440 .580 .140 .300

3 .597 .475 .605 .130 .345

4 .643 .505 .635 .130 .375

5 .703 .540 .665 .125 .415

6 .769 .580 .700 .120 .460

7 .847 .620 .740 .120 .500

8 .941 .660 .775 .115 .545

9 1.050 .710 .820 .110 .600

I0 1.179 .760 .860 .100 .660

II 1.339 .810 .910 .100 .710

12 1.543 .870 .960 .090 .780

13 1.807 .940 1.005 .065 .875

14 2.164 1.005 1.075 .070 .935

15 2.662 1.090 1.145 .055 1.035

1 $o 3.445 1.185 1.230 .045 1.140

4 TABLE E7

L4
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~~KV

FILM TYPE

T VS. 65 FILM NO. 220

STEP +
NO. D avg. T LRE T LRE . DIFF. + LRETL-DIFF

i .773 .580 .690 .110 .470
2 .822 .605 .720 .115 .490

3 .877 .635 .740 .105 .530

4 .944 .660 .780 .120 .540

5 1.018 .700 .805 .105 .595

6 1.104 .730 .840 .110 .620

1.201 .765 .875 .110 .655

8 1.308 .800 .905 .105 .695

9 1.442 .840 .945 .105 .735

10 1.596 .885 .985 .100 .785

II 1.779 .930 1.025 .o- .

12 2.001 .980 1.070 .090 .890

13 2.275 1.030 1.120 .090 .940

14 2.626 1.085 1.165 .080 1.005

15 3.113 1,145 1.220 .075 i-070

16 3.833 1.225 ...... - - -

TABLE E8

aA
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140 KV

FILM TYPE

T vs. 800 FILM NO. 221

STEP +
NO. D avg. T LRE T LRE 800 DIFF. LRE.-L---DIFF
1 .767 .580 .750 .17 .41

2. .817 .605 .78 .175 .43

3 .875 .635 .805 .17 .465

4 .940 .660 .835 .175 .485

5 1.013 .695 .86 .165 .53

6 1.098 .730 .90 .17 .56

7 1.196 .765 .935 .17 .595

8 1.306 .800 .965 .165 .635

9 1.434 .840 1.00 .16 .68

I0 1.589 .885 1.04 .155 .73

II 1.766 .930 1.075 .145 .785

12 1.982 .975 1.12 .145 .83

13 2.252 1.025 1.16 .135 .89

14 2.603 1.080 1.205 .125 .955

15 3.3 1-14n --,.- .... ....

. .... §.16 3.793 1.220

TABLE E9A
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CONTRAST BAR GRAPHS
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( TEST PLAN

EVALUATION/COMPARISON OF INDUSTRIAL RADIOGRAPHIC FILM CHARACTERISTICS

1.0 PURPOSE: This test plan defines the laboratory procedures to be

followed in accomplishing the project.

2.0 EQUIPMENT REQUIRED:

2.1 X-Ray Machine: The standard x-ray units used by the Air Force are
the Sperry 160 KVP or the Magnaflux 150 KVP. Either of these units will
provide data suitable for Air Force field use. However, once the project
is started, the same machine must be used for all the exposures for the
comparison data to be valid.

2.2 Aluminum Step Tablet: The step tablet shall be constructed of 15
steps, eacn step to be 1/16 inch thickness change in such a manner as to
have both ascending and descending steps on the same tablet. Material to
be either 2024 or 7075 aluminum alloy. A border of lead marking tape,
1/4 inch wide and two layers thick (approx 0.005 inch), shall be placed on
both long edges to reduce internal scatter. Figure 1 is a sketch of the
required tablet.

2.3 Densitometer: Any direct reading, transmission densitometer capable
of indicating to 3 decimal places (third place may be estimated) and having
a'minimum density range of 0.00 to 4.00 Hurter and Driffield (H&D) units
may be used. A calibrated film density strip to be used in checking/
standardizing the densitometer is also required.

2.4 Cassettes: The preferred cassettes for sheet film are the flexible
(plastic) type. However, if the flexible type is not available, rigid
cassettes may be used.

2,5 X-Ray Film: Fresh film in unopened boxes shall be procured for the
project. Effort should be made to obtain film with latest possible
expiration dates. Films to be evaluated are: Kodak Types R, M, and T;
DuPont Types NOT 45, 55, and 65; and GAF Types 100, 200, and 400. The
types of packaging to be included are: interleave -r sheet; daylight
or.ready pack; and lead pack or lead oxide screens (NOTE: Lead oxide
screens may not be available from all of the manufacturers). Each of the
various types of film used in the evaluation should be from the same batch
or emulsion number, e.g., all Type M interleaved of one emulsion; all
Type R interleaved of one emulsion, etc.

2.6 Processing: Both hand (tank) processing facilities and an automatic
industrial processor will be required. Either method may be used for the

4| major portion with the alternate used only to process the nine comparison
films. Automatic processing cycle shall be 11 minutes and hand processing
shall be 6 minutes in the developer for optimum contrast. Industrial x-ray
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film processing chemicals must be used with Kodak chemical preferred.

3.0 PROCEDURES:

3.1 General.

3.1.1 The project will require x-ray exposures and film processing over
an extended period of time. Care must be taken to assure uniformity
throughout the project. Minor changes that normally have no significant
effect can produce wide variations in comparison results if rigid controls
are not exercised. Examples of some of the procedures requiring special
attention are:

a. Exposure - Warmup of machines, strict adherence to exposure details,
power supply variations.

b. Setup - Consistent conditions including the use of a lead exposure
surface, identical cassettes or film holders, positioning of film and
tubehead.

c. Processing - (Hand) Uniform time, temperature, agitation and
replenishment, use of "hot" or fresh solutions, (Automatic) uniform
temperature, increase or decrease in developer activity due to repl3nishment
rate, do not change or dump solutions during the project, do not process
evaluation films until cleanup films have been run during daily startup.

d. Density Measurement: Clean light and lens daily, check calibration
each day prior to starting and at 30 minute intervals durinq sustained coeratior
using the standard density strip.

3.1.2 The project is a comparison of one film's properties versus anothers.
While all three film manufacturer's products are used by field and depot
labs, the predominant film is Kodak Type M. Due to the extensive use of
Kodak Type M, it shall be used as the comparison standard in the project.

3.1.3 Film emulsion response varies with radiation wave form which is a
function of kilovoltage. This makes it necessary to run film speed/contrast
curves and calibrate the step tablet response over a range of kilovoltages.
Comparison exposures shall be made at 50, 80, 110, and 140 kilovolts.

3.2 Fog Density Determination:

3.2.1 Laboratory work on the project should not be started until all films
to be evaluated are available. Fog density determination should be the
first task and should be accomplished shortly after opening the package.
This is intended to reduce potential fog accumulation due to dark room
handling.

3.2.2 Fog density is determined by subjecting fresh, unexposed film to
a complete processing cycle (development, fixation, rinsing, and drying).
All films should be processed on the same day, using the necessary

K
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replenishment additions to minimize processing variations.

3.2.3 Densities are to be measured in 12 locations on each film sheet
*and recorded. Densitometer calibration is especially important at these

lower densities. Density measurement locations should: (a) be evenly
spaced across and down the sheet, (b) be in approximately the same
location for each film, and (c) be at least one inch from each film edge.

3.3 Film Speed Determination:

3.3.1 General - Film speed determination is somewhat complicated and
involves the use of the aluminum step tablet. Procedures and precautionary
statements are detailed and explicit in the early'paragraphs and are
shortened in later paragraphs, however, they still apply. Special emphasis
must be devoted to maintaining constant and uniform conditions throughout
the project to provide valid comparison data.

3.3.2 Calibration of Step Tablet:

3.3.2.1 The first step in the procedure of determining comparison speed
values is to calibrate the step tablet. Radiation absorption varies with
wavelength and the calibration must be accomplished for each kilovoltage
range. The procedure is identical in each case except for change of the
exposure technique (kilovoltage and time).

3.3.2.2 To calibrate the step tablet at any kilovoltage, two exposures
are made on two of the standard films (Kodak Type M). The first exposure
should be selected to produce a density of 0.15 to 0.20 on the number one
step. The second exposure must be exactly twice the first exposure.
Consistent with good practice, this should be done by doubling the time
rather than adjusting the milliamperage. Exact timing is essential as
the calibration calculation is dependent upon this two-to-one relationship.
The second exposure shall consist of two exposures each being identical to
the first exposure. This procedure is necessary to compensate for any
possible error due to exposure buildup.

3.3-.2.2 Both films should be processed in an identical manner, either
together if hand processing is used or one following the other in an
automatic processor. Densities shall be read on a calibrated densitometer
and recorded. A minimum of 4 densities will be measured on each step
numbers 2 through 15 and 8 densities on step number 1. This provides eight
density measurements for each thickness which will be used to determine
the average density per step.

3.3.3 Film Speed Comparison

3.3.3.1 Once the step tablet has been calibrated for a specific kilovoltage,
it is for all practical purposes independent of make or type of film. To
obtain the speed relationship between two different films of approximately
the same speed type, it is only necessary to expose the two films side
by side (split film technique) using the step tablet as the subject at the

4
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kilovoltage for which the step tablet was calibrated.

3.3.3.2 Comparison exposures are to be accomplished by inserting the
standard film and the comparison film side by side in the same cassette
or film holder. This is done by using either 7 X 17 or by shearing
14 X 17 inch film in half. All exposures should be made on top of a lead
surface to minimize back scatter. The step tablet must be carefully
centered with equal portions covering both films and the long dimension
(15 inch) parallel to the long edge of the film (17 inch). A slightly
longer than normal focal spot to film distance (48 inches) shall be used
and the long axis of the tubehead shall be parallel with the long dime6sion
of the step tablet.

3.3.3.3 The aiming point is the center of the number 1 step on the tablet.
Emphasis shall be placed ori maintaining consistent setups throughout the
project. Suitable exposure values (time-milliamper~ge) shall be selected
and used for each of the kilovoltages at which the step tablet was calibrated.

3.3.3.4 Both films shall be processed at the same time. Following
processing, at least 3 density measurements shall be made on each of steps
numbers 2 through 15 and 6 measurements on step number 1 on each film. This
will provide a total of 6 densities for each thickness on each film.

3.3.3.5 Exposures will be made on: M vs NOT 55; M vs GAF 200; M vs T;
M vs R; T vs NDT 65; T vs GAF 400; R vs NOT 45; and R vs GAF 100. This
will be 8 exposures at each of the four kilovoltages and at each available
packaging. Speed comparison standard data will be obtained by exposures
on: Sheet film M vs Ready Pak M; Sheet film M vs Lead Pak M; and Ready
Pak M vs Lead Pak M.

3.4 Film Contrast Comparison. Film contrast comparison will be obtained
from data generated by paragraph 3.3.

3.5 Emulsion Consistencv:The test for emulsion consistency is relatively
simple and consists mere!y of exposing the film to be evaluated to a
relatively light density (0.75 to 1.0 H&O). The film is exposed without
an absorber or step tablet, processed and evaluated for streaks, mottling
or other emulsion artifacts using both reflected and transmitted light.
One of each type film should be evaluated, i.e., R, M, T, NOT-45, NOT-55,
NDT-65, GAF-lO0, GAF-200, and GAF-400. Only one kilovoltage and one type
of packaging is required.

3.6 Pre-and Post-Exoosure Pressure Sensitivity. The following test is
very crude and the contractor may propose an improved alternate approach.
The suggested approach is to use a ballpoint pen and writing on a piece
of paper placed on the film before and after exposure. Exposure should be
just slightly more dense than in paragraph 3.5 (1.0 to 1.25).

3.7 Pre- and Post-Exposure Kink Sensitivity. Again the test proposed may
be Improved with better control over the mechanics of producing a kink.!,
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Suggested approach is to loosely fasten a 1/4 inchdiameter steel bar to a
board. The film is inserted under the bar to approximately its mid-point,
the film ends folded together and pulled taut. The desired effect is to
control the bending of the film to a 1/4 inch diameter. Film shall be
"kinked" prior to and after exposure similar to para 3.5. The bending or
kink before and after exposure shall be at 90 degrees to each other.

3.8 Hand Vs Automatic Processing. Processing variables are generally
independent of energy level (kilovoltage) and packaging. Comparison is
required at only one kilovoltage (suggest 80 or 1HO KVP) and for only one
type of packaging. Comparison is to be made using the split film technique
described in paragraph 3.3.3 except both films will be the same type and
manufacturer. One of the films will be processed by hand while the other
film from the same exposure will be processed through the automatic processor.
One of each type film should be evaluated (i.e., R, M, T, NDT-45, NOT-55,
NDT-65, GAF-1O0, GAF-200, and GAF-400). Following exposure and processing,
three density measurements will be made on each step, numbers 2 through 15
and 6 density measurements on step No. 1. This will provide a total of 6
density measurements for each thickness and each processing method. The
measurements are to be recorded and will be used in determining the average
density per thickness.

4.0 EVALUATION:

4.1 General - The type of graph paper most convenient and generally used
to plot film characteristic or sensitometric curves is 20 X 20 divisions
to the inch (K&E Nos 46-1240 or 46-7242). Other types of graph paper may
be used; however, the 20 X 20 divisions provide a display that is easy to
interpret and to use.

4.2 Fog Density. The 12 density measurements should be recorded in table
form of each type/mfgr/packaging film vs density readings plus one addition
column of the arithmetic average.

4.3 Film Speed

4;3.7 General - There are several possible ways to compare film speeds.
This paragraph details the procedures to develop "Log Relative Exposure"

P_ curves and also a percentage speed comparison chart.

4.3.2 Calibration of the Step TAblet.

4.3.2.1 The eight density measurements on each step number or thickness
4(from paragraph 3.3.2.2) should be arranged in tabular form for each exposure

with a ninth column of average density. The table is used to plot two
curves on a single sheet of graph paper with the ordinate as the density
(0.00 to 4.00) and the abscissa as the step number (1 to 15). Curve I is
the single exposure while Curve II being exactly twice the exposure of
Curve I. These curves are then used to plot a calibration curve (Curve III)
of density versus log relative exposure for the step tablet at a specific

4 kilovoltage. This is done by designating the lowest discernable density
reading on Curve I as Point 1. A second sheet of graph paper is prepared

.4
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for Curve III by ruling the ordinate into 0.2 density units at every 10th
line and the abscissa into 0.1 log relative exposure units at every 5th
line. The density of Point 1 is plotted on this new Curve III at a log

relative exposure of zero (0). Point 2 is located by drawing a vertical
line from Point I to Curve II. This location (Point 2) is the same
thickness or step number as Point 1 and is exactly twice the exposure.
The density of Point 2 is plotted on Curve III at log relative exposure
0.3 (mathematically, log 2 equals 0.3). Next, draw a horizontal line from
Point 2 to Curve I and designate this as Point 3 which is the same density
as Point 2. Locate Point 4 by drawing a vertical line from Point 3 to
Curve II. Again, Point 4 is the same step number or thickness as Point*3
but is exactly twice the exposure. Plot the density of Point 4 on Curve
III at log relative exposure 0.6 (mathematically, log 2 plus log 2 equals 0.6).
Continue this process through Points 6, 8, etc., increasing the log relative
exposure by 0.3 each time.

4.3.2.2 The number of points plotted in the above paragraph are not sufficient
for an accurate and extended calibration curve. Additional points are
determined in the following manner: Draw a smooth hyperbolic pencil curve
through the few points plotted on Curve III. On this preliminary curve,
find the density at log relative exposure 0.15 (this is one-half the distance
between 0.0 and 0.30). This point, labeled Point 1A, provides a density
which can be located on Curve I. Next, locate Point 2A by drawing a vertical
line from Curve I - Point IA to Curve II. Plot the density of Point 2A at
a log relative exposure of 0.45 (0.15 plus 0.30) on Curve III. Then proceed
to locate points 3A, 4A, 5A, etc., plotting the densities at log relative
exposures of 0.75, 1.05, 1.35, etc., on Curve Ill. If, in the calibration,
the second set of points IA, 2A, 3A, etc., is offset either side of the
preliminary curve, this is caused by inaccuracies in locating Point 1A.
•To.-eliminate this difficulty, each point in this set should be shifted
equal amounts along the log relative exposure axis to give the best match
with the preliminary curve. (NOTE: Do not shift the points along the density
axis.)

4.3.2.3 Curves I, II, and III are used to determine the average log relative
exposure per step of the tablet. First, find the highest density of one
of the curves and the lowest density in the normal visual range (about
density 1.0) in the same curve. Convert these densities into log relative
exposure values using Curve III. The difference between the two log relative
exposure values divided by the difference between the two steps is the
average difference log relative exposure per step.

Example: Step #12 - density = 3.72 - Log Relative Exposure = 0.93
Step #1 - density = 1.18 - Log Relative Exposure = 0.30

* Difference - 11 steps - Difference Log Relative Exposure - 0.

Average difference log relative exposure per step = 0.63 divided by If= 0.058
To determine the percent speed difference per step, merely convert 0.58 to
its antilog of 1.14 or 14% speed difference between steps.

4.3.2.4 The accuracy of Curve III will impact speed comparison calculations
and should be determined using Curves I and II. Select a given density and

Q . determine the corresponding step numbers in Curves I and II. Since Curve II
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is exactly twice the exposure of Curve I, the difference in step numbers
converted to log relative exposure using the average log relative exposure
value calculated in Curve II should equal 0.300. Any variation from 0.300
is due to inaccuracy. This variation can be expressed in percentage
through its antilog.

Example: Density of 1.5 H&D equals log relative exposure of 0.203
(Step 3.5 times 0.058) on Curve I and 0.505 (Step 8.71 times 0.058) on
Curve II. This is a log relative exposure differnce of 0.302. Since the
actual log relative exposure difference is 0.300 (twice the exposure),
the inaccuracy of Curve III log relative exposure is 0.002 or converting
to antilog and expressing in percentage 0.5%.,

4.3.3 Film Speed Calculations:

4.3.3.1 The density readings obtained in paragraph 3.3.3.4 should be
arranged in tabular form for each pair of films exposed. Columns are to
contain step number, conversion to log relative exposure, the 6 measured
densities, and the average density. The tables are to be used in plotting
the comparison curves (standard vs comparison film). The two curves for
each exposure in paragraph 3.3.3.5 shall be plotted.

4.3.3.2 Traditionally, film speed comparison is also given in percentage
terms. The curves plotted in paragraph 4.3.3.1 show film speed differences
vary with both kilovoltage and density. Comparisons are to be developed
from the curves and will be provided as tables listing the percentage
differences at densities of 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, and 3.5, wherever
possible. The curves also include the effect of fog density which must
be accounted when developing percentage differences.

4.3.3.3 Percentage speed comparisons are derived by arbitrarily assigning
the standard film, Kodak Type M, a value of 100. All other films will have
some value relating to Kodak Type M, i.e., Type R films will be in the
50's range while Type T films will be in the 200's range. The actual
percentage is determined by adding the applicable fog density, from
paragraph 4.2, to the density for which the comparison is being made. The
log relative exposure difference between the standard and film being
evaluated is determined from the speed comparison curves, paragraph 4.3.3.1.
When the curve of the film being evaluated is displaced to the right of
the standard film, it indicates a slower speed film while a shift to left
indicates a faster speed film. If the film being evaluated is slower than
the standard, the percentage speed comparison is calculated by dividing
100 by the antilog of the log relative exposure difference. If the film
being evaluated is faster than the standard, multiply the antilog of
the log relative exposure difference by 100.

4.4 Film Contrast Calculation:

4.4.1 By definition, film contrast is the slope of the characteristic
film curve at a given density. Practically, however, the film contrast
is determined as the "average" contrast over the ordinary usable range of
densities as from a density of 1.0 to a density of 3.0, i.e., the slope
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S. of a line drawn between the two densities on the curve. Mathematically,

it is the difference between a density of 3.0 plus fog and a density of
1.0 plus fog divided by the difference in log relative exposure of these

*! two points.

4.4.2 Characteristic film curves are noted for the continually changing
slope along the entire curve. The average film contrast number calculated
in paragraph 4.4.1 does not reflect this changing slope. Also, a small
error in judgement of position or placement of a point can make a relatively
large error in the contrast calculation. For these reasons, contrast
calculations must also be presented as a range of values along with the
specific average number. The calculations are performed similar to those
in paragraph 4.4.1 except for the density ranges. To reflect slope changes,
contrast values shall be calculated for densities of: 1.0 to 1.20; 2.0 to
2.20; and 3.0 to 3.20 (Note: Fog densities must be incorporated due to
their significant effect upon contrast). The results are to be reported
as horizontal bar graphs with lines at the 1.0, 2.0, and 3.0 density values.

4.5 Emulsion Consistency Calculation. The approach to grading emulsion
consistency is subjective depending on the evaluator's judgement rather
than a numeric grade derived from laboratory tests. The films to be evaluated,
paragraph 3.5, should be examined in subdued light with a variable intensity
illuminator. The films are to be graded on the basis of evenness of density,
mottling, streaking, or other emulsion artifacts under transmitted and
reflected light. The evaluator should arrange the films in descending
order based on his judgement of emulsion consistency. This is accomplished
simply by comparing two films, one versus the other, and selecting the
best. This process is continued until all 9 films are graded. Once the
films have been placed in relative order, they can be assigned a numerical
rating of 1 to 9, with 9 being the most consistent or highest rated film
(Note: If, in the evaluator's judgement, two films are identical in
quality, they should be given the same number. The best film will still
have a value of 9, but the bottom film may be higher than 1). Some
objectivity can be introduced by having three or more independent
evaluations performed by different individuals. Personnel performing
the evaluation should be experienced in viewing radiographs. The assigned
numerical ratings of the independent evaluation should be totaled and
new relative ratings or positions assigned.

4.6 Pressure and Kink Sensitivity: Evaluation and assessment of films
- for pre-exposure pressure sensitivity; post exposure pressure sensitivity;

pre-exposure kink sensitivity; and post exposure kink are to be accomplished
in the same manner detailed in paragraph 4.5. The evaluation results
on each of the characteristics will be reported in separate tables giving

4 the assigned rating by each evaluator, total of the assigned numerical
ratings, and relative overall position of the film based upon the total
ratings. In addition, a summary table will be provided comparing the
relative overall ratings for each of the characteristics.

.48
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I DEVELOPMENT OF FILM SPEED COMPARISON CURVES

BY THE ALTERNATE METHOD

The basic premise on which this alternate method of speed com-
parison is based is that over the range of practical radiographic
densities all industrial type radiographic films exhibit a linear

* relationship of Density vs Exposure response for a fixed quality of
radiation incident at the film face. Since the quality of radiation
incident upon the film is modified both by the voltage applied to
the X-Ray Tube and by the thickness and material properties of any
absorber placed between the tube head and the film, density compar-
isons for any pair of films should only be made for discrete thick-
nesses of the step tablet at a specific kilovoltage.

For the film comparison exposures of this project the tube head
voltages were fixed at 50, 80, 110 and 140 kilovolts and the absorbers
used were the previously calibrated step tablets. For exposure of the
speed comparison films 7 inch by 17 inch strips of the standard film,

• Kodak Type M, and the comparison film were placed side by side in a
single 14 inch by 17 inch cassette. One of the step tablets was
placed over the standard film and the other over the comparison film
during the exposure. These step tablets are radiographically equiva-
lent. Both films were processed simultaneously to avoid differences
in processing history.

In the tabular listings of Table I, Density vs Step Number, each
density listed is an average of 16 data points/per step/ per film.
Although fog density for each film is noted in each column heading,
it is not subtracted from the average data which is used in developing
the film speed comparison curves.

Since the density differences observed between the standard and
comparison films at any discrete step of the step tablet are a direct
result of the speed difference between these two films (i.e.; exposure
time and radiation quality are identical), these two densities can be

* .1 converted directly to log relative exposure using the calibration curve
-* for the kilovoltage used during exposure. The antilog of the difference
* in LRE times 100 is equal to the percentage speed difference between

these two films.

Figures 1 & 2 show graphically the operations required to determine

speed difference between two films. First enter Figure 1 at Step 14 and
obtain densities of 2.21 for Type M film and 0.71 for Type R film. With
these densities now en-ter the 50 KV calibration curve, Figure 2, and ob-
tain LRE - 1.40 for Type M film and LRE = 0.855 for Type R. The differ-
ence then is 0.545 LRE units and since LRE (R) < LRE (M), ALRE = -0.545.

4
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The antilog (i.e.; Log ) of =-.545 is 0.2851. Rounding to 0.29 and
multiplying by 100, we find that the speed of Type R film relative to
Type M is approximately 29%. The practical meaning of this is that to
achieve a density of 2.21 with Type R film under Step 14 the exposure
must be increased 0.545 LRE units. Thus the LRE for Tyne R film at a
density of 2.21 relative to Type M should be 1.40 + 0.545 = 1.945. This
is now a valid data point in plotting a curve of Density vs Log Relative
Exposure for Type R film vs Type M film. If this same procedure is car-
ried out for each of the density pairs for every step of the step tablet,
characteristic curves may be plotted which accurately reflect the speed
and contrast characteristics of Type R vs Type M film.

It is not necessary to generate the curves of Figure 1 since the
data of Table I may be used directly to enter the calibration curve in
obtaining LRE values. Table II illustrates the method of organizing
data prior to plotting of the curves. Data from Steps 2 through 6 of
the step tablet are omitted since they are not needed to produce a
smooth curve.

Figures 3 and 4 illustrate the differences between curves plotted
by the test plan method and by this alternate method.

4l
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